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IMMUNOSTIMULATORY OLIGONUCLEOTIDES, COMPOSITIONS THEREOF AND 
METHODS OF USE THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 
The present application claims the priority benefit of U.S. provisional patent application No. 
5 60/048,793 filed June 6, 1997, pending. The aforen>entioned provisional application is hereby 
incorporated herein by reference in rts entirety. 



TECHNICAL FIELD 

10 The present invention relates to immunonr>odulatory compositions comprising an 

immunostimulatory oligonudeotide sequence (ISS). The invention further relates to 
immunomodulatory compositions compnsing an ISS In whch at least one base has been substituted 
with a base modified by the addition to C-5 or C-6 on cytosine with an electron -with drawing moiety. 
It also relates to the administration of the oligonucleotide sequences to modulate at least one 

15 immune response. The invention further relates to in vitro screening methods to jdentify 
oligonucleotides with potential immunonrKXlutatory activity. 

BACKGROUND ART 

The type of immune response generated to infection or other antigenic challenge can 

20 generally be distinguished by the subset of T helper (Th) cells involved in the response. The Thi 
subset is responsjt>te for classical cell-mediated functions such as delayed-type hypersensitivity and 
activatjon of cytotoxic T lymphocytes (CTLs), whereas the Th2 subset functions more effectively as 
a helper for B-cell activation. The type of immune response to an antigen is generally determined by 
the cytokines produced by the cells responding to the antigen Differences in the cytokines secreted 

25 by Th1 and Th2 celts are tjelieved to reflect different biotogical functions of these two subsets. 

The Th1 subset may be particularty suited to respond to viral infections and Intracellular 
pathogens t)ecause it secretes IL-2 and IFN-y, which activate CTLs. The Th2 subset may be more 
suited to respond to free-living bactena and hielminthic parasites and may mediate allergic reactions, 
since IL-4 and IL-5 are krxMvn to induce IgE production and eosinophil activation, respectively. In 

3D general. Th1 and Th2 cells secrete distinct pattems of cytokines and so one type of response can 
nrwderate the activity of the other type of response. A shift in the Th1/Th2 balance can result in an 
allergic response, for example, or. alternatively, in an increased CTL response. 

Immunization of a host animal against a particular antigen has been accomplistied 
traditionally by repeatedly vaccinating tt>e hiost with an immunogenk: form of the antigen. While 

35 nrost current vacanes etictt effective humoral (antibody, or 'Th2-type") responses, they fail to elk;lt 
cellular responses {in particular, major histocompatibility complex (MHC) class 1-restricted CTL. or 
Thi -type' responses) which are generally absent or weak. For many infectious diseases, such as 
tubercukisis and malaria, Th2-type responses are of little protective value against infection 
Moreover, anbtxxty responses are tnappropnate in certain indications, most notat>ty in allergy where 
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an antibody response can result in anaphylactic shock. Proposed vaccines using snrall peptides 
derived from the target antigen and other currently used antogentc agents that avotd use of 
potentially infective intact viral particles, do not always elicit the innmur>e response necessary to 
achieve a therapeutic effect. The lack of a therapeutically effective hunnan immunodeficiency virus 
5 (HIV) vaccine is an unfortunate example of this failure. 

Protein-based vaccines typically induce Th2-type immune responses, characterized by high 
titers of neutralizing antibodies but without significant cell-mediated immunity. In contrast, 
intradermal delivery of "naked", or uncomplexed. DNA encoding an antigen stinnulates immune 
responses to the antigen with a Thi-type bias, characterized by the expansion of CD4* T cells 
10 producing IFN-y and cytotoxic CD8* T cells. Manickan et al. (1995) J. Immunol. 155:250-265; Xiang 
et al. (1995) /mmuo/(y 2:129-135. Raz et al. (1995) Proc. Natl. Acad. Sci. USA 93:5141-5145; and 
Briode et al. (1997) J. Aifergy Clin. Immunof. 99:s129 Injection of antigen-encoding naked DNA 
reproducibly induces both hunrroral and cellular immune responses against the encoded antigens. 
Pardoll and Beckerteg (1995) Immunity 3:165-169. DNA vaccines can provide a new approach to 
15 infectious disease prophylaxis See. for instance. Dixon (1995) Bio/Technology 13:420 and 
references cited therein. 

Certain types of DNA. without being translated, have been shown to stimulate immune 
responses. Bacterial DNA induces anti-DNA antibodies in injected mrce. as well as cytokine 
producton by macrophage and natural killer (NK) cells. Pisetsky (1996) J. Immunol. 156:421^23; 
20 Shimada et al. (1986) Jpn. J. Cancer Res. 77:808-816; Yamamoto et al. (1992a) Microbiol. 
Immunol. 36:983-897; and Cowdery et al. (1996) J Immunol 1 56:4570-4575 

8 cell and NK cell activation properties of bacterial DfsIA have been associated with short (6 
base pair hexamer) sequences that include a central unmethylated CpG dinudeotide. Yamanwto et 
al. (1992a); and Krieg et al. (1995) Nature 374:546-549. Oligonucleotides comprising a CpG 
25 sequence flanked by two 5' purines and two 3' pyrimidines have been shown to be nx>st potent in B 
cell and NK cell stinrxjlation. For example, when a variety of oligonucteotides comprising hexamers 
were tested for their ability to augment the NK cell activity of mouse spteen cells, the most 
immunogenk: hexamers included AACGTT. AGCGCT, GACGTC. Yamamoto et al. (1992b) J. 
Immunof. 1484072-4076 In a study in whch B cell activation was measured in response to 
30 oligonucleotides, the most stimulatory hexamer sequences (e.g.. AACGTC, AACGTT. GACGTC, 
GACGTT) also matched the sequence of 5'-purine. purine. CG. pynmkline, pyrimkJine-3'. Krieg et 
al. (1995) However, as shown herein, this prototypical hexamer sequence is found in many 
oligonucleotides that are not immunostimulatory Thus, the prototypical hexamer sequence 
proposed by Krieg et al. (1995) is not predk^ive of immunostimulatory activity 
35 Bacterial DHfK stimulated macrophages to produce IL-12 and TNF-a. These macrophage- 

produced cytokines were found to induce the production of IL-12 and IFN^ from splenocytes. 
Halpem et al. (1996) Cell. Immunol. 167:72-78 in vitro treatment of splenocytes with either 
bacterial DNA or CpG containing oligonucleotides induced the production of IL-6, IL-12 and IFN-y 
Klinman et al. (1996) Pmc. NaU. Acad. Sci. USA 93:2879-2883. Production of all of these cytokines 
40 is indrcative of induction of a Th1-type immune response rather tt^n a Th2-type response. 

— 2- 
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To date, no dear consensus has been reached on the sequences twth necessary and 
sufficient of immune stimulation. A recent study which examined induction of NK activity in 
response to CpG containing-obgonucieotides suggested that the unmethylated CpG motif was 
necessary but not sufficient for digonucieobde induction of NK lytic activity. Ballas et al (1996) J. 
5 Immunoi. 157:1840-1845. Sequences flanking the CpG appeared to influence the 
Immunostimulatory activity of an oligonucieotide. Immunostimulatory activity of immunostimulatory 
sequences appeare to be independent of adenosine-methytation. and whether the nucleotide is 
single or double-stranded. See. for example. Tokunaga et al. (1989) Microbiol, immunot. 33 929; 
Tokunaga et al. (1992) Microbiol. Immunol. 36:55-66; Yamamoto et al. (1992b); Messina et al. 

10 (1993) Cell. Immunol. 147 148-157; and Sato et al (1996) Science 273:352-354 Oligonucleottde 
length also does not seem to be a factor, as double-stranded DNA 4 kb tong (Sato et al. (1996)) or 
single-stranded DNA as short as 15 nucleotkles in length (Ballas et al. (1996)) lllicited immune 
responses; though if oligonucJeotkJe length was reduced betow 8 bases or if the DNA was 
methylated with CpG methylase. inrvnunostimulatory activity was abolished. Krieg et al. (1995). 

15 Altergc responses, including those of allergic asthnria. are characterized by an early phase 

response, which occurs within seconds to minutes of allergen exposure and is charactenzed by 
cellular degranulation. and a late phase response, which occurs 4 to 24 hours later and is 
characterized by infilti3tk>n of eosinophils into the site of allergen exposure. Specifically, during the 
eariy phase of the allergk: response, activatjon of Th2-type lymphocytes stimulates the producUon of 

20 antigen-specific IgE antibodies, which in tum triggers the release of histamine and other mediators 
of inflammation from nnast cells and basophils. During the late phase response, lL-4 and lL-5 
production by CD4* Th2 cells is elevated These cytokines appear to play a significant role in 
recmiting eosinophils into site of alleregen exposure, where tissue damage and dysfunction result. 

Antigen immunotherapy for allergic disorders involves the subcutaneous injectk>n of snail. 

25 but gradually increasing amounts, of anbgen Such immunization treatments present the risk of 
inducing IgE-mediated anaphylaxis and do not address the cytokine-mediated events of the allergk; 
late phase response 

Vaccinatkxi with certain DNA containing immunostimulatory nrrotifs induces an inrimune 
response with a Thi-type bias For example, mice injected intradermally with Escherichia coii (E. 

30 coli) p-galactoskJase (f^Gal) in saline or in the adjuvant alum responded by producing specific lgG1 
and IgE anbbodies, and CD4* cells that secreted IL-4 and lL-5. but not IFN-y. denwn strati ng that the 
T cells were predominantly of the Th2 subset. However, mice injected intrademially (or with a tyne 
skin scratch applteator) with plasrDid DNA (in saline) encoding p-Gat and containing an ISS 
responded t?y producing lgG2a antibodies and CD4* cells that secreted IFN^, but not lL-4 and IL-5. 

35 demonstrating that the T cells were predominantly of the Thi subset. Moreover, specific IgE 
productkjn by the plasniid DNAnnjected mice was reduced 66-75%. Raz et al. (1996) Proc NaU. 
Acad. Sd USA 93:5141-5145. In general, the response to naked DNA immunizatkjn is 
charactenzed by production of IL-2. TNFa and IFN-y by ant»gen-stimulated CD4*^ T cells, which is 
indrcattve of a Thi-type response This is particularly important in freatnr>ent of allergy and asthma 

40 as shown by the decreased IgE productkjn. 
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In another example, the presence of an immunstjmulatory sequence, such as the 
palindromic hexan>er AACGTT. In an antigen-encoding plasmid vector Injected intradermally 
prompted the production of large amounts of IFN-a. »FN-(J and IL-12 Sato et al (1996) IFN-« 
plays a rote In the differentiation of naive T cells toward a Th1-type phenotype, antagonizes Th2 
cells, inhibits IgE synthesis, promotes lgG2a production and induces a Th1 phenotype of antigen- 
spedfic T ceil clones. IL-12 pronr>otes IFN-r production by T cells and favors rrwturatran of Th1 
cells. 

It wouW be useful in treatment of a wide vanety of indications to be able to specifically 
enhance the TTil-type response to a particular anbgen white down-regulating the Th2-type respone 
to the same antigen. Treatment or palliation of these indications includes, but is not limited to. tunror 
therapy, treatment of allergic disorders and induction of a vigorous cellular imnDune response. The 
present invention provides compositions compnsing oltgonudeoUde sequences that can be 
employed in these contexts. 

All of the cited literature included in the preceding section, as well as the cited literature 
included in the following disclosure, are hereby incorporated herein by reference 

DISCLOSURE OF THE INVENTION 
The present invention provides immunomodulatory compositions comprising an 
oligonucleotide that contains at teast one immunostimulatory (IBS) octanucleotkle. 

In a preferred embodiment, the ISS octanucleotkle comprises the sequence 5'-Purine. 
Purine, Cytosine, Guanine, Pyrimidine. Pyrimidine, Cytosine. Cytosine-3'. 

In another preferred embodinient. the ISS octanucleobde comprises the sequence 5- 
Purine. Purine, Cytosine. Guanine. Pyrimidine. Pyrimidine, Cytosine. Guanine-3'. 

In a further embodin>ent, the ISS octanucteotide is setected from AACGTTCC. AACGTTCG. 
GACGTTCC and GACGTTCG. 

In another embodiment at teast one of the cytostnes of the ISS octanucteotide sequence is 
substituted with a rrxxlified cytosine. wherein the modified cytosine compnses an addition of an 
etectron-withdrawing group to at teast C-5 and/or C-6 Preferably, the modified cytosine is 5- 
bromocytidine. Preferably, the C at the third position from the 5' end of the ISS octanucteotide is 
sutetituted with a S'-brorrxxytidine. 

In another embodiment, the immunonrwdulatoiy composition compnses an oligonucleotide 
that contains at teast one ISS octanucteotide and an antigen. 

In a further embodirrient the antigen is selected from the group consisting of proteins, 
glycoproteins, polysaccharides, and lipids. 

In another embodiment, the antigen is conjugated to the ISS digonucteotide 

In another embodinr>ent the immunomodulatory composition compnses an oligonucleotide 
that contains at teast one tmmunostiTnulatofy (ISS) octanucteotide and a facilitator setected from the 
group consisting of co-stimulatory molecutes. cytokines, cherrxjkines. targeting protein bgand. a 
trans-activating factor, a peptide, and a peptide comprising a nxxlified amino acid. 
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In another embodiment the immunomodulatory composition comprises an oligonucleotide 
that contains at least one ISS octanucieotide, an antigen, and an adjuvant. 

In another embodiment, an immunorrwdulatory composition comprises an 
immunomodulatofy oligonucleotide and an antigen proximately associated at a distance effective to 
5 enhance an immune response. 

In another embodiment, an immunomodulatory composition comprises an 
immunonrtodulatory oligonucleotide and an antigen proximately associated to co-deliver the 
oligonucleotide and the antigen to an immune target 

In another enritxxlinrmnt, an immunomodulatory composition comprises an 
10 immunorrodulatory oligonucleotide and the antigen associated with an adjuvant. Further. tf>e 
imonjnomodulatory oligonucleotide and the antigen are associated in nrucropartides. In another 
emtKJdinDent. the immunomodulatory oligonucleotide and the antigen are associated in liposonnes. 

The invention also provides for methods of nnodulating an imnmjne response comprising the 
administration of an immunomodulatory composition comprising an antigen and an oligonucleotide 
1 5 that contains at least one ISS octanucieotide. 

In a further embodiment, the tnrwnune response nrodulation compnses the induction of a Th1 
response. 

The invention also provides for a method of modulating an immune response comprising the 
administiation of an immunomodulatory composition comprising an immunomodulatory facilitator 
20 and an oligonucleotide that contains at least one ISS. 

The invention also provides for a nr»ethod of screening for human immunostimlatory activity 
of oligonucleotides comprising the steps of: (a) providing macroptiage cells and an aliquot of the 
oligonucleotide to be tested; (b) incubating the cells and oHgonudeotide of step a) for an appropnate 
length of time; and (c) determining the relative amount of Th1-biased cytokines in the cell cutojre 
25 supernatant 

The invention also provides for a methods of treating Individuals in need of immune 
nxxlulation comprising administration of a composition comprising an inrvnunonrKxlulatory 
oligonucleotide that contains at least one ISS, including, but not limited to, individuals suffering from 
cancer, allergic diseases and infectious diseases. Further embodiments provide metfiods from 
30 ti^ating individuals infected with hepatitis B virus. papiJIomavtrus. and human immunodeficiency 
virus. 

In anotiier embodiment the invention provides methods of preventing an infectious disease 
in an individual comprisirtg administration of an immunonrxxjulatory composition comprising and ISS 
and antigen. 

35 Further embodiments include mettiods of preventing infectious disease due to viral infection, 

including, but not Kmited to. those diseases due to infection by hepatitis B virus, influenza virus, 
herpes virus, human tmmunodeficeincy virus arxj papillonnavirus. 

Further embodiments include methods of preventing infectious disease due to bacterial 
infection, Including, but not limited to, those diseases due to infection by Hemophilus influenza, 

40 Mycobacterium tubercuiosts and BordeteOa pertussis. 



— 5 — 
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Further embodiments include methods of preventing infectious disease due to parasitic 
infection, incJuding, but not limited to. those diseases due to infection by nnalanal Plasmodia. 
Leishmania species. Trypanosoma species and Schistosoma species. 

5 BRIEF DESCRIPTION OF THE DRAWING S 

Figure 1 is a graph depicting the level of IFN-y found in the culture supernatant of 
splenocytes after exposure to oligonucleotides for 48 hours. See Table 1 for identification of 
oligonucleotides. 

Figure 2 is a graph depicting the level of IL-12 found in the cutture supernatant of 
10 splenocytes after exposure to oligonucleotides for 48 hours. See Table 1 for identification of 
oligonucleotides. 

Figure 3 is a graph depicting the level of IL-6 found in the culture supernatant of splenocytes 
after exposure to oligonucleotides for 48 hours. See Table 1 for jdentification of oligonucleotides 

Figure 4 presents a graph depicting the level of IL-6 found in the culture supernatant of 
15 splenocytes after exposure to oligonucleotides for 48 hours. See Table 2 for identification of 
oligonucleotides 

Figure 5 presents a graph depicting the level of IL-12 found in the culture supematant of 
splenocytes after exposure to oligonucleotides for 48 hours. See Table 2 for identification of 
oligonucleotides. 

20 Figure 6 presents a graph showing the efficacy of various oligonucleotides comprising 

modified cytosines to stimulate proliferation of splenocytes. Cell proliferation determined after 48 
hours in culture. See Table 2 for identification of oligonucleotides. 

Figure 7 is a graph depicting serum levels of anti-Amb a! IgE generated in treated animals 
Figure 8 is a graph depicting serum levels of anti-Amb al IgGI generated in h-eated animals. 
25 Figure 9 is a graph depicting serum levels of anti-Amb al lgG2a generated in treated 

animals. 

Figure 10 is a graph depicting CTL responses from splenocytes of h^eated animals 
Figure 11 is a graph depicting CTL responses from splenocytes of ti^ated animals. 
Figure 12 is a graph depicting IFN^ produced fi^m splenocytes of ti^eated animals. 
30 Figure 1 3 is a graph depicting IL-10 produced from sptenocytes of h^eated animals. 

Figure 14 is a graph depicting serum levels of anti-HBsAg antibodies four weeks after 
primary immunization. 

Figure 15 is a graph depicting serum levels of anti-HBsAg antibodies one week after 
secondary innmunization 

35 Figure 16 ts a graph depictir>g serum levels of anti-HBsAg antibodies four weeks after 

secondary immunizatk>n. 

MODES FOR CARRYING OUT THE INVENTION 
It has now been found that a particular set of octanucleotide sequences within 
40 oligonucleotide sequences renders the oligonucleotide capat)le of modulating an immune response 
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Such oiigonucteotkle sequences compnse an immunostimulalory octanucleotkie sequence (ISS). 
Composibons of ttie invention compnse frie ISS octanucteotide-conlaining oligonucleotide alone or 
in conjunction with a immunomodulatory agent, such as a peptide, an antigen and/or an additional 
adjuvant The oltgonuclootides themselves have been found to have adjuvant activity and are 
5 suitable for use as adjuvants alone and have also been found to potentiate the effect of another 
adjuvant 

Previousfy described immunostimulatory sequences have been defined as containing a 
hexamer sequence with a central CpG dinudeobde. Unfortunately, relying on the hexanrwr 
sequence to predict immunostimulatory activity yields, for the most part, immunologically inactive 

10 oJigonudeotides. For instance, as shown in Example 1. 5 different oligonucleotides with the 
hexamer AACGTT had clearly demonstrable immunostimulatory activity whereas 5 other 
oligonucleotides with AACGTT had much reduced immunostimulatory activity. Thus, the previous 
hexamer algorithm Is not predictive of immunostinrtulatory activity. 

The ISS of the present invention comprise an octa nucleotide sequence which comprises the 

15 previously described hexan>er and two additional nucleotides 3' of the hexamer Preferably, the ISS 
octamer comprises 5'-punne, punne, cytosine, guanine, pynmidine, pyrimidine, cytosine, guantne-3 
or the ISS octamer compnses 5'-purine, purine, cytosine, guanine, pyrimidine, pynmidine. cytosine, 
cytosine-3'. More preferably, the ISS octanudeotide comprises 5'-GACGTTCG-3' or 5- 
GACGTTCC-3'. Still nrwre preferably, the ISS octanudeotide comprises 5'-AACGTTCG-3' or 5- 

20 AACGTTCC-3'. The present invention demonstrates that, relative to the hexameric ISS sequence, 
the ISS octanucleotKJe is a reliable predictor of immunostimulatory activity in oligonucleotides. 

In another embodiment, the ISS oligonucleotide of the present invention can also comprise 
a CG dinudeotide in which the C residue is modified by addition to C-5 and/or C -6 of an electron- 
withdrawing moiety {'modified ISS'). When the same cytosine is methylated, all immunostimulatory 

25 activity of the oligonucleotide is lost. PreferaWy, in such compositions, the cytosine in the third 
position from the 5* end can be substituted with a cytosine analog, preferably 5-brDmocytidine. 
fluorinated cytosine, or chhDrinated cytosine Some of the modified ISS have approximately the 
same, if not greater, immunostimulatory activity relative to the san>e sequence without a modified 
base. 

30 The ISS oligonucleotide of the present invention can comprise any other physiologically 

acceptable nrxxlified nucleotide bese. 

The invention also provides a method and compositions for a general stimulation of an 
immune response through the adjuvant-like effect of an administered ISS 

The invention also provides compositions for the enhancement of an imnxine response 
35 which comprise an ISS-antigen conjugate. An ISS-antigen conjugate can be fomrted through 
covalent and/or non-covalent interactions between the ISS and the antigen. 

The invention also provides compositions which comprise an ISS-antigen admixture in 
which the ISS and the antigen are proxinrwtely associated at a distance effective to enhance an 
immune response compared to the co-adminrstration of the ISS and antigen in solution The 
40 invention further provides compositions which comprise an encapsulating agent that can nriaintain 
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tMe ISS and antigen in proximate association until the ISS-anttgen complex is available to ttie target 
In an ISS-antigen admixture, the ISS and antigen are maintained in proxinTate association such that 
tx)th ISS and antigen can be taken up by the same target cell. Further, ISS and antigen in an 
admixture are maintained at concentrations effective to nrxxlulate an immune response. Preferabty. 
5 the ISS and antigen are proximately associated at a distance of about 0.04 ^im to about 100 ^m, 
rr>ore preferably, at a distance of about 0.1 Mm to about 20 ^lm. even more preferably, at a distance 
of about 0.15 }im to about 10 nm. Targets of the ISS-antigen conjugate or the ISS-antigen 
admixture indude. but are not limited to. antigen presenting cells (APCs). such as macrophages, 
dendritic cells, and/or lymphocytes, lymphatic structures, such as lymph nodes and/or the spteen. 
10 and nonlymphatic structures, particularly those in which dendritic cells are found, such as skin, 
lungs, and/or gastrotntestinai trad 

Enhancement of an immune repsonse by a composition in which an ISS and an 
immunonrxxlulatofy agent are proximately associated refers to a modulation of an immune response 
following administration of said composition as compared to the immune response following 
15 administration of the ISS and immunorrxxiulator/ agent freely soluble with respect to each other. 
Enhancement of an Immune response includes modulation of an immune response including, but 
not limited to, stimulation, suppression and a shift in the type of immune response, for instance, 
between a Th1-type response and a Th2-type response. 

The invention also provides for compositions which compnse an ISS-antigen conjugate or 
20 an ISS-antigen admixture and an adjuvant where, upon co-administration, the association of ISS- 
antigen and adjuvant is effective to enhance an immune response compared to the co- 
adminisbeition of the ISS-antigen without adjuvant In such compositions, the adjuvant is maintained 
in association with ISS-antigen so as to recruit and activate target cells to the ISS-antigen. 

The present invention also provides methods for the use of ISS in conjunction with an 
25 antigen in stimulation of an imrrxjne response. Preferabty. as used in such methods, the ISS 
provides an adjuvant-like activity in the generation of a Thi-type immune response to the antigen. 

Preferably, the immune response stimulated according to the Invention is teased toward the 
Thi-type phenotype and away from the Th2-type phenotype. With reference to the invention, 
stimulating a Thi-type immune response can be determined in vttro or ©x vivo by nrwasuring 
30 cytokine production from cells treated with ISS as compared to those treated without ISS. Methods 
to detemitne the cytokine production of cells indude those methods described herein and any 
known in the art The type of cytokines produced in response to ISS treatment indk:ate a Th1-type 
or a Th2-type biased imnnune response by the cells As used herein, the term "Th1-type biased" 
cytokine production refers to the measurat>te increased production of cytokines associated with a 
35 Thi-type immune response in the presence of a stimulator as compared to production of such 
cytokines In the absence of stimulatkxi. Examples of such TTil-type biased cytokines indude. but 
are not limited to. IL-2. IL-12, and IFN-r- In contrast ■Th2-type biased cytokines" refers to those 
assodated with a Th2-type immune response, and include, but are not limited to. IL-4. IL-5, IL-10 
and IL-13. Cells useful for the determination of ISS activity indude cells of the Immune system, 
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pnmary cells isolated from a host andyor cell lines, preferably APCs ar>d lyrDphocytes, even more 
preferably macfophages and T cells. 

Stimulating a Thl-type immune response can also be measured in a host treated witti an 
ISS-antigen composition and can be determined by any noethod known in the art Including, but not 

5 limited to: (1 ) a reduction in tevels of IL-4 measured before and after antigen-challenge; or detection 
of lower (or even absent) tevels of IL-4 in an ISS-antigen treated host as compared to an anbgen- 
pnmed, or primed and challenged, control treated without ISS; (2) an increase in levels of IL-12. IL- 
18 and/or IFN (a, (J or y) before and after antigen challenge; or detection of higher levels of IL-12, IL- 
18 and/or IFN {a. p or y) in an ISS-antigen treated host as compared to an antigen -primed or. 

10 primed and challenged, control treated without ISS; (3) lgG2a antibody production in an ISS-antigen 
treated host as compared to a control treated without ISS; and/or (4) a reduction in levels of antigen- 
specific IgE as measured before and after antigen chaltenge; or detection of lower (or even absent) 
tevels of antigen-specific IgE in an ISS-antigen treated host as compared to an antigen-primed, or 
primed and challenged, control treated without ISS. A variety of these detemimattons can be made 

1 5 by measuring cytokines made by APCs and/or lymphocytes, preferabfy macrophages and/or T cells. 
in vitro or ex vivo using methods descril>ed herein or any known in the art. Methods to determine 
antibody productksn include any known in the art 

The Th1-type biased cytokine induction which occurs as a result of ISS administration 
produces enhanced cellular immune responses, such as those performed by NK cells, cytotoxK 

20 killer cells, Th1 helper and menx)ry cells. These responses are partteularty benefcial for use in 
protective or therapeutk; vaccination against vimses, fungi, protozoan parasites, bacteria, altergic 
diseases and asthma, as well as tunrx)r5. 

G eneral Technkjues 

25 The practice of the present mvenbon will emptoy. untess otherwise indcated. convenbonal 

techniques of molecular biotogy (induding recombinant technk^ues), m»crobk5logy, cell biokjgy, 
biochemistry and immunotogy, which are within the skill of the art. Such techniques are explained 
fully in the literature, such as. "Molecular Cloning: A Laboratory Manual", second edition (Sambrook 
et al . 1989); "Oligonucteotide Synthesis" (M.J. Gait ed., 1984); "Animal Cell Culture' (R.l. Freshney. 

30 ed.. 1987); "Methods in EnzynfX)togy' (Academk; Press, Inc.); 'Handbook of ExperirDental 
Immunotogy" (D M Weir & C C. BlackweH, eds.); "Gene Transfer Vectors for Mammalian Cells" 
(J M. Miller & M.P. Catos, eds., 1987); "Current Protocols in Motecular Btology' (F M. Ausubel et al., 
eds., 1987); "PCR: The Potymerase Chain Reacbon'. (Mullis et al.. eds.. 1994): and "Current 
Protocols in Immunotogy" {J.E. Cdigan et al.. eds., 1991). 

35 

Con>positions comprising ISS 

A compositton of the subject invenbon is an ISS that is capable of eMng a desired immune 
response. The term "ISS" as used herein refers to oligonucleobde sequences that effect a 
rT)easurat>te immune response as measured in vitro, in vivo and/or ex vivo. Examples of 
40 measurable immune responses include, but are not limited to. antigen-specific antibody productton. 
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secretion of cytokines, activation or expansion of tymphocyte populations such as NK cells. CD4* T 
lymphocytes. CD8* T lymphocytes. B lymphocytes, and the like Preterabty. the ISS sequences 
preferentially activate a Thi-type response. The oligonucleotide of the composition contains at least 
one octamehc ISS. 

5 The octamehc ISS preferably comprises a CG containing sequence of the general 

octamehc sequence S'-Purine. Purine, Cytosine. Guanine, Pynmidine. Pyrim»dine. Cytosine. 

(Cytosine or Guanine)-3'. Most preferably, the ISS comprises an octamer selected from the group 

consisting of: AACGTTCC. AACGTTCG, GACGTTCC. and GACGTTCG. 

Where the immunostimulatory oligo nucleotide compnses an RNA sequence, the ISS 
10 preferaWy comprises a single-stranded or double-stranded sequence selected from the group 

consisting of AACGUUCC. AACGTTCG. GACGUUCC. and GACGUUCG. 

In accordance with the present invention, the oligonucleotide contains at least one ISS. and 

can contain multiple ISSs. The ISSs can be adjacent within the oligonucteotide. or they can be 

separated by additional nucleotide bases within the oligonucteotide. 
15 As used interchangeaWy herein, the terms "oligonudeotide" and -polynucleotkle' include 

single-stranded DNA {ssDNA), double-stranded DNA (dsDNA). single-sti^anded RNA (ssRNA) and 

double-stranded RNA (dsRNA), modified oligonucieotides and oltgonucleosides or combinations 

thereof. The oligonudeotide can be linearty or circularty configured, or the oligonucleotide can 

contain both linear and circular segments. 
20 The ISS can be of any length greater than 6 bases or base pairs, preferably greater than 1 5 

bases or basepalrs. nrore preferably greater than 20 bases or base pairs in length. 

In general. dsRNA exerts an immunostimulatory effect and is encompassed by the 

invention Modifications of ISS include any known in the art. but are not limited to. modifications of 

the 3'OH or 5'OH group, modifications of the nucleotide base, modifications of the sugar component, 
25 and modifications of the phosphate group. Various such modifications are described below. 



Modified Ba ses and B ase Analogs 

OligonucJeotides are polymers of nucleoskles joined, generally, through phosphoester 
linkages. A nucteoskle consists of a purine (adenine or guanine or derivative thereof) or pyrimidine 
30 (thymine, cytosine or uraal. or derivative thereof) base bonded to a sugar. The four nucleoside units 
(or bases) in DNA are called deoxyadenosine. deoxyguanosine. deoxythymtdine, and deoxycytidine. 
A nucleotide is a phosphate ester of a nucleoskJe. 

Multiple bases, sugars, or phosphates in any combination can be substituted in the ISS. 
The oligonudeotide of the invention can comprise nbonucleotides (containing ribose as the 
35 only or principal sugar component), deoxynbonudeotides (containing deoxynbose as the principal 
sugar component), or. in accordance with the state of the art, modified sugars or sugar analogs can 
be incorporated in the ISS. Thus, in addition to ribose and deoxyribose. the sugar moiety can be 
pentose, deoxypentose. hexose. deoxyhexose, glucose, arabinose. xytose. tyxose. and a sugar 
"analog" cydopentyl group. The sugar can be in pyranosyl or in a furanosyl fomn. In the ISS, the 
40 sugar moiety is preferaWy the furanoside of ribose, deoxyribose, arabinose or 2'-0-methylnbose. and 
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the sugar can be attached to the respective heterocyclic bases either in a or p anomeric 
configuration The preparation of these sugars or sugar analogs and the respective "nucleosides" 
wherein such sugars or analogs are attached to a heterocyclic base (nucleic acid base) per se is 
known, and need not be descritjed here, except to the extent such preparation can pertain to any 
5 specific example. 

The phosphorous derivative (or modified phosphate group) which can be attached to the 
sugar or sugar analog nrtoiety in the oligonucleotides of the present invention can be a 
monophosphate, diphosphate, triphosphate, alkylphosphate. alkanephosphate. phosphorothioate, 
phosphorodithioate or the like. A phosphorothiate linkage can be used in place of a phosphodiester 

10 linkage The preparation of the above-noted phosphate analogs, and their incorporation into 
nucleotides, modified nucleotides and oligonucleotides, per se, is also known and need not be 
described here in detail. Peyrottes et al. (1996) Nucieic Acids Res. 24:1841-1848; Chaturvedi et al. 
(1996) Nucleic Acids Res. 24:2318-2323; and Schuttz et al. (1996) Nucieic Acids Res. 24:2966- 
2973 Preferably, oligonucleotides of the present invention comprise phosphorothioate linkages. 

15 Oligonucleotides with phosphorothioate backbones can be more imnxinogenic than those with 
phosphodiester backbones and appear to be wore resistant to degradation after injection into the 
host. Braun et al. (1988) J Immunol 141:2084-2089; and Latimer et al. (1995) Moi. Immunol. 
32:1057-1064. 

The heterocyclk; bases, or nucleic acid bases, which are incorporated in the I SS can be the 
20 naturally-occumng principal purine and pyrimkJine bases, (namely uracil or thymine, cytosine. 

adenine and guanine, as mentioned above), as well as naturally-occurring and synthetic 

nx>drficat»ons of sakl principal bases. 

Those skilled in the art will recognize that a large number of "synthetic" non-natural 

nudeostdes comprising various heterocyclc bases and various sugar nDoieties (and sugar anatogs) 
25 are available in the art, and that as king as other criteria of the present inventkan are satisfied, the 

ISS can include one or several heterocyclic bases other than the principal five base components of 

naturally-occumng nucleic adds. Preferably, however, the heterocyclic base in the tSS indudes. but 

is not limited to. uradi-5-yl. cytosin-5-yl. adenin-7-yl. adenin-8-yl. guantn-7-yl, guanin-8-yl. 

4-am(nopyn-olo [2.3-dl pyrimidin-5-yl, 2-amino-4-oxopyrolo [2,3-d) pynmidm-S-yl. 
30 2^mino-4-oxopyrrolo [2. 3-d] pyrimkJin-3-yl groups, where the purines are attached to the sugar 

moiety of the ISS via the 9-position, the pyrimidines via the lH30Sition, the pynotopyrimidines via the 

7-positk)n and the pyrazokjpyritnkJines via the l-positwn. 

In one embodiment, the ISS comprises at least one nrodified base As used herein, the 

term "modified t>ase' is synonynrous with "base analog", for example, "nxxlified cytosine' is 
35 synonymous with "cytosine anatog." Sinnilarty. "nrvxllfied" nucleoskles or nucleotides are herein 

defined as being synonymous with nudeoskle or nucleotkle "anakjgs " In a preferred embodiment. 

a cytosine of the ISS is substihrted with a cytosine modified by the addition to C-5 and/or C-6 on 

cytosine with an electron-withdrawing moiety. Preferably, the electron-withdrawing moiety is a 

halogen. Such nrxxlified cytosines can indude, but are not limited to. azacytosine, 5-bronrxx:ytosine. 
40 bromouradl. S^lorocytosine. chtorinated cytosine. cyclocytosine. cytosine arabinoside. fkxjrinated 
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micropartides and/cM- liposomes encapsulating an ISS-immunomodulatory molecule are in the fomi 
of particles from about 0.04 urn to about 100 ^im in size, more preferably, from about 0.1 \im to 
about 20 MfTi. even nx>re preferably, from about 0.15 ^im to about 10 fim. 

Colloidal dispersion systems, such as mtcrospheres. beads, macromolecular complexes, 

5 nanocapsules and ilpid-based system, such as oil-in-water emulsions, micelles, mixed micelles and 
liposomes can provide effective encapsulabon of ISS-containing compositions. 

The encapsulation composition further comprises any of a wide vanety of components. 
These include, but are not limited to, alum, lipids, phospholipids, lipid membrane structures <LMS), 
polyethylene glycol (PEG) and other polymers, such as polypeptides, gtycopeptides. and 

10 polysaccharides. 

Polypeptides suitable for encapsulation components include any known in the art and 
include, but are not limited to, fatty acid binding proteins. Modified polypeptides contain any of a 
variety of modifications, including, but not limited to glycosylation, phosphorylation, myristylation, 
sulfation and hydroxylatJon. As used herein, a suitable polypeptide is one that will protect an ISS- 

15 containing composition to preserve the tmmunonrxxlulatory activity therof. Examples of binding 
proteins include, but are not limited to, altximins such as bovine serum albumin (BSA) and pea 
albumin. 

Other suitable polynrwrs can be any known m the art of phanreceuticals and include, but are 
not limited to. natural ly-occurring polymers such as dextrans. hydroxyethyl starch, and 

20 polysaccharides, and synttretic polymers Examples of naturally occuning polynrwrs include 
proteins, glycopeptides. polysaccharides, dextran and lipids. The additional polymer can be a 
synthetk; polymer. Examples of synthetk; polymers which are suitable for use in the present 
invention include, but are not limited to. polyalkyl glycols (PAG) such as PEG, potyoxyethylated 
polyds (POP), such as polyoxyethylated glycerol (POG), polytrimethylene glycol (PTG) 

25 polypropylene glycol (PPG), polyhydroxyethyi methacrylate, polyvinyl ateohol (PVA). polyacrylic 
acid, pdyethyloxazoline, polyaciylamide, polyvinylpyrrolidone (PVP). polyamino acids, polyurethane 
and polyphosphazene The synthetic polynr>ers can also be linear or branched, substituted or 
unsubstiluted, honrK>potymerk:. co-polymers, or bkx:k co-polymers of hvo or more different synthetic 
monomers. 

30 PEGs constitute a diverse group of nrolecules. A general formula for PEGs is as foltows: 

RtO-<CH2CH20)„-R3 

where Ri and R3 are independently H. H3C. OH. or a linear or branched, substituted or 
unsubstituted alkyi group and n is an integer between 1 and about 1.000 The term "PEG" includes 
35 both unsubstituted (R, and R3 = H) as well as substitijted PEG. The PEGs for use in encapsulation 
compositions of the present invention are either purchased from chemical suppliers or synthesized 
using techniques known to those of skiH in tfie art 

The term 'IMS', as used herein, means lamellar lipid partrctes wherein polar head groups of 
a polar lipid are arranged to face an aqueous phase of an interface to form nrwmbrane stmctures. 
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Examples of the LMSs include liposomes, micelles, cochteates (i.e . generally cylindrical liposomes) 
microemulsions, unilamellar vesides, multilamellar vesicles, and the like. 

A preferred colloidal dispersion system of this invention is a liposome. In mice immunbfed 
with a liposon^e-encapsulated antigen, liposomes appeared to enhance a Th1-type immune 
5 response to the antigen. Aranrtaki et al. (1995) Vaccine 13:1809-1814. As used herein, a "liposonDe' 
or 'lipid vesicle" is a small vesicle bounded by at least one and possibly more than one bilayer lipid 
membrane. Liposorries are made artificialty from phospholipids, gtycolipids, lipids, steroids such as 
cholesterol, related rrwlecules, or a combination thereof by any technique known in the art, including 
but not Hmited to sonicatron. extrusron. or removal of detergent from lipid-detergent complexes. A 

10 liposome can also optionally comprise additional components, such as a tissue targeting 
component It is understood that a "lipkl membrane' or 'lipkl bilayer' need not consist exclusively of 
lipids, but can additionally contain any suitable other components, including, but not limited to, 
cholesterc>t and other steroids. lipid-soluWe chemicals, proteins of any length, and other amphipathic 
mdecutes, providing the general structure of the membrane is a sheet of two hydrophilic surfaces 

15 sandwiching a hydrophobic core. For a genera) discussion of membrane structure, see The 
Encydopedia of Mofecvlar Biology by J. Kendrew (1994). For suitable lipids see e.g., Lasic (1993) 
"Liposomes: from Physics to Applications' Elsevier, Amsterdam. 

Preferably, a liposomal composition is chosen that alkjws the membrane to t>e formed with 
reproducible qualities, such as diameter, and is stable in the presence of elements expected to 

20 occur where the liposome is to be used, such as physiotogical buffers and circulating molecules. 
Preferably, the liposome is resilient to the effects of manipulation by storage, freezing, and mixing 
with phamnaceutical excipients. 

Lipids suitable for incorporation into lipid membrane structures include, but are not limited 
to. natural, semi-synthetic or synthetic rTX)no- or di-glycerophospholipids including, but not linrated to. 

25 phosphatidytohdines (PCs), phosphatidylethanolamines (PEs), phosphatidy [glycerols (PGs), 
phosphatidylinositols (Pis), phosphatidic acids (PAs), phosphatidylsennes (PSs), glycero- and 
cardiolipins. Sphingolipkls such as sphingomyelin (SM) and cerebrosides can also be incorporated 
While natural phospholipids occur with the phospbo moiety at the sn-3 position and hydrophobic 
chains at the sr?-1 and sn-2 positions, synthetic lipids can have altemative stereochemistiy with, 

30 e.g.. the phospho group at the sn-1 or sn-2 positions. Furthermore, the hydrophobic chains can be 
attached to the glycerol backbone by acyl. ether, alkyl or other linkages. Derivatives of these lipkls 
are also suitable for incorporation into liposomes Derivatives suitable for use include, but are not 
limited to. hatoalkyl derivatives, including those in which aH or sonr»e of the hydrogen atoms of the 
alkyl chains are substituted with, e.g.. fluorine. In addition, cholesterol and other amphipathic 

35 sterokJs, bolaamphiphiles (hpids with polar nx)ieties at either end of the molecule whch form 
monolayer nr>embranes) and polyglycerolmonoalkylthers can also be incorporated. Liposonrws can 
be composed of a single lipki or mlxUires of two or more different lipkJs. 

In one embodiment, the lipid bilayer of the liposorro is formed primarily from phospholipids. 
Preferably, the phospholipkl composition is a complex mixture, comprising a combination of PS and 

40 additional lipids such as PC. PA, PE, PG and SM, PI, and/or cardiolipin (diphosphatkJyIglycerol). If 
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desired. SM can be replaced with a greater proportion of PC. PE, or a combination thereof. PS can 
be optionally replaced witti PG. The composition is chosen so as to confer upon the LMS both 
stability during storage and administration. 

Practitioners of ordinary skill wiH readily appreciate that each phospholipid in the foregoing 
5 list can vary in its structure depending on the fatty acid moieties that are esterified to the glycerol 
moiety of the phospholipid. Generally, most commerdalty available forms of a particular 
phospholipid can be used. However, phospholipids containing particular fatty acid moieties nnay be 
prefered for certain applications. 

A general process for preparing liposomes containing ISS-containing compositions is as 
10 follows. An aqueous dispersion of liposomes ts prepared from membrane components, such as 
phospholipids (e g. PS. PC, PG. SM and PE) and glycolipids according to any known methods. 
See, e.g.. Ann. Rev. Biophys. Bioeng. 9:467 (1980). The liposomes can further contain sterols, 
dialky {phosphates, diacylphosphatidic acids, stearylamine. a-tocopherol, etc.. in the liposomal 
membrane. 

15 To the liposon^l dispersion thus prepared is added an aqueous soiution of the ISS- 

containing composition and the mixture is allowed to stand for a given perod of time, preferably 
under wanning at a temperahire above the phase transition temperature of the membrane or atxjve 
40°C. foltowed by cooling to thereby prepare liposomes containing the ISS-containing composition in 
the liposomal memtxane 

20 Alternatively, the desired liposocDes can also be prepared by prevtously mixing the above- 

described membrane components and ISS-containing compositksn and treating the mixture in 
accordance with known nr>ethods for preparing liposomes. 

The lipid vescles can be prepared by any suitable technique known in the art. Methods 
include, but are r>ot limited to, mkat>encapsulatk5n, microfluidization, LLC method, ethanol injectk)n. 

25 freon injection, the 'bubble' nnethod. detergent dialysis, hydration, sonicatkxi, and reverse-phase 
evaporatton. Reviewed in Watwe et al. (1995) Cu/r. Set. 68:715-724 For example, ultrasonication 
and dialysis methods generally produce small unilamellar vesKles; extrusion and reverse-phase 
evaporation generally produce larger sized vesicles Techniques may be combined in order to 
provkle vesk;les with the most desirable attributes. 

30 Optionally, the LMS also includes steroids to irDprove the rigidity of the membrane. Any 

amount of a steroid can l>e used. Suitable steroids include, but are not limited to. cholesterol and 
cholestanol. Other molecules that can be used to increase the rigklity of the nr>embrane include, but 
are not limited to. cross-linked phospholipkls. 

Other preferred LMSs for use in vivo are those with an enhanced ability to evade the 

35 reticutoendothelial system, whch normally phagocytoses and destroys non-native materials, thereby 
giving the liposomes a tonger period in whk^h to reach the target cell. Effective lipid compositions in 
this regard are those with a large proportkjn of SM and cholesterol, or SM and PI. LMSs with 
protonged circulation time also include those that comprise the rrxjnosralogangloside GM1, 
glucuronide, or PEG. 
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The invention encompasses LMSs containing tissue or cdlular targeting components. Such 
targeting components are components of a LMS that enhance its accumulation at certain Ussue or 
cellular sites in preference to other tissue or cellular sites when administered to an intact animal, 
organ, or cell culture. A targeting component is generally accessible from outside the liposome, and 
is therefore preferably either bound to the outer surface or inserted into the outer lipid btlayer. A 
targeting component can be inter aha a peptide, a region of a larger peptide, an antibody speafic for 
a ceil surface molecule or marKer. or antigen binding fragment thereof, a nucleic acid, a 
cart>ohydrate. a region of a complex carbohydrate, a special lipid, or a sn^ll molecule such as a 
drug, hormone, or hapten, attached to any of the aforementioned molecules. Antibodies with 
specificrty toward ceH type-specific cell surface markers are known in the art and are readily 
prepared by methods known in the art 

The LMSs can be targeted to any cell type toward which a therapeutic treatment is to be 
directed, e.g.. a cell type which can modulate and/or partkypate in an immune response. Such 
target cells and organs include, but are not limited to. APCs. such as macrophages, dendntic cells 
and lymphocytes, lymphatk; structures, such as lymph nodes and the spleen, and nonlymphatic 
structures, partcularly those in which dendrite cells are found. 

The LMS compositions of the present invention can additionally comprise surfactants. 
Surfactants can be cationk;, anranic. amphiphilic, or nonkinic. A preferred class of surfactants are 
nonionk; surfactants; partknilarty preferred are those that are water soluble. Nonkxi.c. water soluble 
surfactants include poly oxy ethylene derivatives of fatty alcohols, fatty acid ester of fatty alcohols and 
glyceryl esters, wherein tt>e poly oxy ethylene group is coupled via an etner linkage to an alcohol 
group. Examples include, but are not limited to. polyoxyethylene sorbitan fatty acid esters, 
polyoxyethylene castor oil derivatives, polyoxyethylene hardened castor oil derivatives, fatty acid 
sodium salts, sodium cholates. poly exy ethylene fatty acid ester and polyoxyethylene alkyl ethers. 

The LMS compositttws encompassed herein include micelles. The term "miceltes- as used 
herein means aggregates which form from tenside molecules in aqueous soKitkjns above a specific 
temperature (Kraffl point) or a characterishc concentratwn. the aitk^al micellizabon concentratkm 
(cmc). When the cmc is exceeded, the monomer concentratk)n remains practkally constant and the 
excess tenskie molecules form mtcelles. Mk»lles are themrxxlynamically stable association colloids 
of surfactant substances in whk:h the hydrophobe radicals of the monomers lie in the interor of the 
aggregates and are heW together by hydrophobe interaction; the hydraphilk; groups face the water 
and by solvation provkJe the solubility of the colloid. Micelles occur in vark)us shapes (spheres, 
rods, discs) depending on the chemical constitutkxi of the tenskie and on the temperature, 
concentration or rank: strength of the sokJtk>n. Reaching the cmc is manifest by abrupt changes in 
35 surface tenskxi, osmotc pressure, electhcal conductivity and vtscostty. 

A process for preparing mcelles containing ISS-containing compositwns is as foltows 
mk^lle-forming surfactant, such as polyoxyethylene sorbitan fatty acid esters, polyoxyethylene 
castor oil derivatives, polyoxyethylene hardened castor oil derivatives, fatty acid sodium salts, 
sodium chelates, polyoxyethylene fatty acid ester, and polyoxyethylene alkyl ethers, alkyl 
glycosKles. is added to water at a concentration above the cmc to prepare a micellar dispersion. To 
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the micellar dispercion rs added an aqueous solution of an ISS-containing composition and the 
mixture is aHowed to stand for a given penod of lime, preferably under warming at 40*C or higher, 
followed by cooling, to thereby prepare micelles containing ISS^ontaining compositions in the 
micellar membrane. Attematively. the desired micelles can also be prepared by previously mixing 
the above-described mcelte-forming substances and ISS-contaming compositions and treating the 
mixture according to known nr>ethods for micelle fomnabon. 

ISS synthesis 
a) tSS 

The ISS can be synthesized using techniques and nucleic acid synthesis equipment which 
are well known in the art including, but not limited to. cnzymatK methods, chemk:al methods, and 
the degradation of larger oligonucleotkle sequences See. for example, Ausubel et al. (1987); and 
Sambrook et al. (1989) When assembled enzynriatically. the Individual units can be ligated for 
example, with a ligase such as T4 DNA or RNA ligase. U.S. Patent No 5,124.246. Chemical 
synthesis of oligonucleotides can involve conventional autonnated methods, such as the 
phosphoramkiite method disctosed by Warner et al. (1984) DNA 3:401. See also U S Patent No. 
4.458,066. Oligonucleotkle degradatron can be accomplished through the exposure of an 
oligonucleotkle to a nuclease, as exemplified in U.S. Patent No. 4,650,675 

The ISS can also be isolated using conventkjnal polynucleotide tsolatron procedures. Such 
procedures include, but are not limited to. hybridization of probes to genomic or cDNA libranes to 
detect shared nudeotkle sequences, antibody screening of expression libraries to detect shared 
structural features and synthesis of partcular native sequences by the polymerase chain reacUon. 

Circular ISS can be isolated, synthesized through recombinant methods, or chemk^ally 
synthesized. Where the circular ISS Is obtained through isolation or through recombinant methods, 
the ISS will preferably be a plasnrwd. The chemrcat synthesis of snnallcr circular oligonucleotkies can 
be performed using any method described in the literature See, for instance. Gao et al. (1995) 
Nucieic Acids Res. 23:2025-2029; and Wang et al. (1994) Nudeic AckSs Res. 22:2326-2333 

The ISS can also contain phosphorous based modified oligonucleotkies. These can be 
synthesized using standard chemical transformatkms. TTie efTkaent solid-support based 
constructxxi of methylphosphonates has also been described The synthesis of other phosphorous 
based modified oligonucleotkies, such as phosphotriesters (Miller et al (1971) JACS 93 6657-6665), 
phosphoramKjates (Jager et al. (1988) Biochem. 27:7247-7246). and phosphorodithwates (U.S. 
Patent No 5.453.496) has also been described Other non-phosphorous based modified 
oligonucleotkies can also be used. Stirchak et al. (1989) Nudeic Acids Res. 17:612^^141 . 

The lechnkiues for making phosphate group nrodifications to oligonucieotktes are known in 
the art. For review of one such useful technique, an intemnediate phosphate triester for the target 
oligonudeotkle product is prepared and oxklized to the naturally occurring phosphate triester with 
aqueous kxline or v«th other agents, such as anhydrous amines. The resulting oligonucleotide 
phosphoramidates can be treated with sulfur to yield phosphorothioates. The same general 
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technique (excepting the sulfur treatment step) can be applied to yield methylphosphoamidltes from 
methylphosphonates. See also. U.S. Patent Nos 4.425.732; 4,458.066; 5.218.103; and 5.453.496. 

The preparation of base-modified nucleosides, and the synthesis of modified 
digonucieotides using said t>ase-nrKxJlfied nucleosides as precursors, has been descnbed, for 

5 example, In U.S. Patents 4.910.300. 4,948.882. and 5.093,232. These t)ase-nrxxJified nucleosides 
have been designed so that they can be incorporated by chenucal synthesis into either temninaJ or 
internal positions of an oligonucleotide. Such base-nf>odifjed nucleosides, present at either terminal 
or internal positions of an oligonucleotide, can serve as sites for attachment of a peptide or other 
anbgen. Nudeosides nrodified in their sugar nrx>iety have also been described (including, txjt not 

10 limited to, e.g., U.S. Patents 4,849,513, 5,015,733, 5,118.800, 5.118,802) and can be used similarty. 

b) Immunomodulatory Moteculos 

Attenuated and inactivated viruses are sutiabte for use herein as the antigen Preparation of 
these vinjses is well-known in the art. Polio virus can be inactivated by chemcal agents such as 
15 beta-propiolactone. Jiang et al (1986). The growth of attenuated strains of Hepatitis A virus has 
been described (Bradley et al. (1984)). as well as the growth of attenuated measles virus (Janrws et 
al. (1995). Addibonally. attenuated and inactivated viruses such as HIV-1. HIV-2, herpes simplex 
virus, hepatitis B virus, rotavirus, human and non-huiT>an papillomavirus and slow brain viruses can 
provide peptide antigens. 

20 Allergens are suitable for use herein as immunomodulatory rrwiecules. Preparation of many 

allergens Is well-known in the art, including, but not limited to, preparation of ragweed pollen 
allergen Antigen E {Amb af) (Rafnar et al. 1991), major dust mite allergens Derpl and Der Pll (Chua 
et al. (1988); and Chua et al. (1990)). white birch pollen BeM (Breitneder et al. 1989). domestic cat 
allergen Fel dl (Rogers et al. (1993), and protein antigens from tree pollen (Elsayed et al (1991)). 

25 Preparation of protein antigens from grass pollen for m vivo administration has been reported 
Malley (1969). 

Immunomodulatory peptides can be native or synthesized chemically or enzymatically. Any 
method of chemical synthesis known in the art is suitable. Solution phase peptide synthesis can be 
used to construct peptides of nrxxlerate size or. for the chemical construction of peptides, solid 

30 phase synthesis can be emptoyed. Atherton et al. (1981) Hoppe Seyiers Z. Physioi. Chem. 
362:833-839. Proteolytic enzymes can also be utilized to couple amino acids to produce peptides. 
Kullmann (1987) Enzymatic Peptide Synmesis, CRC Press. Inc. Alternatively, the peptide can be 
obtained by using the biochemical machinery of a ceH. or by isolation from a biotogk^al source. 
Recombinant DMA techniques can be employed for the production of peptkJes. Hames et al. (1987) 

35 Transcription and Transiabon: A Practical Approach, IRL Press. Peptides can also be isolated using 
standard techniques such as affinity chromatography 

PrefefaWy the antigens are pepbdes. lipkls (e.g. sterols, fatty aads. and phospholipids), 
polysaccharides such as those used in H. influenza vaccines, gangliosides and glycoproteins. 
These can t>e obtained through several nr)ettK)ds known in the art. including isolation and synthesis 
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using chemical and enzynriatic methods. In certain cases, such as for many sterols, fatty acids and 
phospholipids, the antigenic portions of the nrtolecules are commercially available 

c) ISS-lmmunomodulatory Molecvle Conjugates 
5 The ISS portion can be coupled with the immunomodulatory molecule portion of a conjugate 

in a variety of ways, including covatent and/or non-covalent interactions. 

The link between the portions can be made at the 3' or 5' end of the ISS. or at a suitably 
modified base at an internal position in the ISS. If the imnDunomodulatory nwtecute is a peptide and 
contains a suitable reactive group {e.g., an N -hydroxy succinimide ester) it can be reacted directly 
10 with the N* amino group of cytosine residues Depending on the number and location of cytosine 
residues in the ISS, specific labeling at one or more residues can be achieved. 

Alternativety. modified oligonucleosides, such as are known in the art, can be incorporated 
at either terminus, or at internal positions in the ISS. These can contain blocked functional groups 
which, when debkx:ked, are reactive with a variety of funcbonal groups which can be present on. or 
1 5 attached to, the immunomodulatory nrwiecule of interest. 

Where the imnriunonxxlulatory nrwlecule is a peptide, this portion of the conjugate can be 
attached to the 3*-end of the ISS through soW support chemistry. For example, the ISS portion can 
be added to a polypeptkle portwn that has been pre-synthesized on a support. Haralambidis et al 
(1990a) Nucleic Acids Res. 18 493-499; and Haralambidis et al. (1990b) Nucleic Acids Res 18:501- 
20 505. Alternatively, the ISS can be synthesized such that it is connected to a solid support through a 
cleavable linker extending from the 3'-end. Upon chemical cleavage of the ISS from the support a 
tenninal thiol group is left at the 3'-end of the oligonucleotide (Zuckermann et al. (1987) Nucieic 
Acids Res. 15:5305-5321; and Corey et al. (1987) Science 238:1401-1403) or a temiinal amine 
group is left al the 3'-end of the digonucleotkle (Nelson et al. (1989) NucJeic Acids Res. 17:1781- 
25 1 794). Conjugation of the ammo- modified ISS to amino groups of the peptkle can be performed as 
described in Benoit et al. (1987) Neuromethods 6:43-72 Conjugabon of the thiol-modified ISS to 
cartwxyl groups of the peptkJe can be perfomried as described in Sinah et al. (1991) Oligonudeotkie 
Analogues: A Practical Approach. IRL Press. Coupling of an oligonucteotide carry lF>g an appended 
maleimide to the thiol side chain of a cysteine resklue of a peptide has also been described Tung 
30 et al. (1 991 ) Bioconjug. Chem. 2:464-465. 

The pepbde portkjn of the conjugate can be attached to the 5'-end of the ISS through an 
amine, thol. or cartwxyl group that has been incorporated into the oligonucleotide during its 
synthesis. Preferably, while the oligonudeotkie is fixed to the solid support, a linking group 
comprising a protected amine. thk)l, or cartwxyl at one end. and a phosphoramidite at the other, is 
35 covatently attached to the 5 -hydroxy 1. Agrawal et al. (1986) Nudetc Acids Res. 14:6227-6245; 
Connolly (1985) Nucieic Acids Res. 13:4485-4502; Kremsky et al. (1987) Nucleic Adds Res. 
15:2891-2909; Connolly (1987) Nucieic Adds Res. 15:3131-3139; Bischoff et al. (1987) Anal. 
Biochem. 164:336-344; Blanks et al (1988) Nudeic Adds Res. 16:10283-10299; and U.S. Patent 
Nos 4,849.513, 5.015.733. 5.118.800. and 5.118.802. Subsequent to deprotection. the latent 
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amine, thiol, and cartjoxyl functionalibes can be used to covalentty attach the oligonucleotide to a 
peptide. Benoit et al. (1987); and Sinah et al. (1991). 

The peptide port»on can be attached to a modified cytosine or uracil at any position in the 
ISS. The incorporation of a "linker arm" possessing a latent reactive functionality, such as an amine 
or carboxyl group, at C-5 of the nrxxiified base provides a handle for the peptide linkage. Ruth, 4th 
Annual Congress for Recombinant DN A Research, p. 123. 

An ISS-immunomodutatory motecule conjugate can also be formed through non-covalent 
interactions, such as k>nic bonds, hydrophobic interactions, hydrogen bonds and/or van der Waals 
attractions. 

Non-covatentty linked conjugates can include a non-covalent interaction such as a bwtin- 
streptavidin complex. A blotinyl group can be attached, for example, to a nxxlified base of an ISS. 
Roget et al (1989) Nucieic Acids Res. 17:7643-7651 Incorporation of a streptavidin nrx>iety into the 
peptide portion altows formation of a non-covalently bound complex of the streptavidin conjugated 
peptide and the biotinylated oligonucleotkle. 

Non-covalent associations can also occur through ionic interactions invotving an ISS and 
residues within the immunomodulatory nrtolecule. such as charged amino acids, or through the use 
of a linker portion comprising charged residues that can interact with both the oligonucleotide and 
the immunonrxxlulatory molecule. For example, non-covatent conjugabon can occur between a 
generally negatively-charged ISS and positively-charged amino acid residues of a peptide, e.g.. 
polytysine and potyarginine residues. 

Non-covalent conjugation between ISS and immunomodulatory molecules can occur 
through DNA binding motifs of molecules that interact with DNA as their natural ligands. For 
example, such DNA binding motifs can be found in transcnption factors and anti-DNA antibodies. 

The linkage of the ISS to a lipkl can be formed using standard methods These methods 
include, but are not limited to, the synthesis of oligonucteotide-phospholipid conjugates (Yanagawa 
et al. (1988) Nucioic Adds Symp. Scr 19:189-192). ol>gonucteotide-tatty acid conjugates (Grabarek 
et al (1990) Anal. Biochem. 185:131-135; and Staros et at (1986) Anal. Biochem. 156:220-222). 
and oligonudeotide-sterol conjugates. Boujrad et al. (1993) Proc. Natl. Acad. Sci. USA 90:5728- 
5731. 

The linkage of the oligonucieotide to an oJigosacchahde can be formed using standard 
known methods. These methods include, but are not linrwted to, the synthesis of oligonucleotkJe- 
oligosaccharide conjugates, wherein the oligosaccharide is a nrtoiety of an immunoglobulin. 
O'Shannessy et al (1985) J. Applied Biochem. 7:347-355. 

The linkage of a circular ISS to a peptide or antigen can be formed in several ways Where 
the circular ISS is synthesized using recombinant or chemKal n>ethods, a nrxxJified nucteoside is 
suitable. Ruth (1991) in aigonucieotides and Analogues A Practical Approach, IRL Press. 
Standard linking technology can then be used to connect the arcular ISS to the antigen or other 
peptkie Goodchild (1990) Btoconjug. Chem. 1:165. Where the circular ISS is isolated, or 
synthesized using recombinant or chemk:al methods, the linkage can be formed by chcmicaify 
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activating, or photoactivating, a reactive group (e.g. cart)ene. radical) ttiat has t>een incorporated 
into the antigen or other peptide. 

Additional methods for the attachment of peptides and other molecules to oligonucleotides 
can be found in U.S. Patent No. 5,391,723; Kessler (1992) -Nonradioactive labeling methods for 
5 nucleic acids" in Kricka (ed ) Nontsotopic DNA Probe Techniques, Academic Press: and Geoghegan 
et al. (1992) Bioconjug. Cham. 3:138-146. 

Assessment of immune response to ISS 

Analysis (both qualitative and quantitative) of the immune response to iSS-containing 

10 compositions can be by any method known in the art, including, but not limited to, measuring 
antigen-specific antibody production, activation of specific populations of lymphocytes such as CD4* 
T cells or NK cells, and/or production of cytokines such as IFN. lL-2, IL-4, or IL-12. Methods for 
measuring specific antibody responses inckjde enzyme-linked immunosort^ent assay (ELISA) and 
are well known in the art Measurement of numbers of specific types of lymphocytes such as CD4* 

15 T cells can be achieved, for example, with fluorescence-activated cell sorting (FACS) Cytotoxicity 
assays can be performed for instance as described in Raz et al. (1994) Proc. Natl. Acad. Sci. USA 
91:9519-9523. Semm concenti-ations of cytokines can be measured, for example, by ELISA. These 
and other assays to evaluate tiie immune response to an Immunogen are well known in the art. 
See, for example. Selected Methods in Cellular Immunology (1980) Mishell and Shtigi. eds., W.H 

20 Freeman and Co. 

Administi^tion of the ISS 

The ISS can be administered alone or in combination with other pharmaceutical and/or 

immunogenk; and/or immunostimulatory agents and can be combined with a physwlogicalty 
25 acceptable canier thereof. The effective arrxMjnt and nr>ethod of administi^tion of the particular ISS 

formulation can vary based on the individual patient and the stage of the disease and other factors 

evident to one skilled In the art. The route(s) of administration useful in a particular applcation are 

apparent to one of skill in the art. Routes of administration include but are not limited to topical. 

dermal, transdemrial. transmucosal. epktemnal parenteral, gasfa-ointestinal. and naso-phar/ngeal and 
30 pulmonary, including transbronchial and fransah/eolar. A suitable dosage range is one that provkles 

sufficient ISS-containing composition to attain a tissue concenti^tion of about 1-10 ^M as measured 

by bkxxl levels. The absolute amount given to each patient depends on pharmacologicai propertes 

such as bioavailability, clearance rate and route of admintsti^tion 

As described herein, APCs and tissues with high concentiation of APCs are preferred 
35 targets for the ISS-containing compositions. Thus, administration of ISS to nnammalian skin and/or 

mucosa, where APCs are present in relalrvety high concentration, is preferred. 

The present invention provkJes ISS-containing compositions suitable for toprcal application 

including, but not limited to, physwtogically acceptable »nr>plants, ointments, creams, rinses and gels. 

Topical administration is. for instance, by a dressing or bandage having dispersed therein a delivery 
40 system, or by direct administration of a delivery system into inciswns or open wounds. Creams. 
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rinses, gels or otntments having dispersed therein an ISS-containing composition are suitable for 

use as topical ointments or wound filHng agents. 

Preferred routes of dermal administration are those which are least invasive Preferred 

among these means are transdermal transmission, epidemral administration and sutx:utaneous 
5 injection Of these means, epidern>al administration ts preferred for the greater concentrations of 

APCs expected to be in intradermal tissue. 

Transdermal administration is accomplished by application of a cream, rinse, gel. etc. 

capable of allowing the ISS-containing composition to penetrate the skin and enter the blood stream. 

Compositions suitable for transdermal administration include, but are not limited to. pharmaceuticalty 
10 acceptable suspensions, oils, creanrts and ointments applied directly to the skin or incorporated into 

a protective carrier such as a transdermal device (so-called "patch"). Examples of suitable creanos, 

ointments etc. can be found, for instance, in the Physician's Desk Reference. 

For transdermal transmission, wntophoresis is a suitable method. lontophoretic 

transmission can be accomplished using commercial ly available patches which deliver their product 
15 continuously through unbroken skin for periods of several days or nrwre. Use of this method alfc>ws 

for controlled transmission of pharmaceutical compositions in relatively great concentratwns, permits 

infusion of combination drugs and altows for contemporaneous use of an absorption pronxiter 

An exemplary patch product for use in this mettrod ts the LECTRO PATCH trademartted 

product of General Medical Connpany of Los Angeles, CA. This product electronically maintains 
20 reservoir electrodes at neutral pH and can be adapted to provide dosages of differing 

concentrations, to dose continuously and/or periodkally Preparation and use of the patch should 

be performed according to the manufacturer's printed instructions which accompany the LECTRO 

PATCH product; those instructions are incorporated herein by this reference. 

For transdermal transmisskxi. tow-frequency ultrasonic delivery is also a suitable method. 
25 Mitragotri et a! (1995) Science 269:850-853. Application of low-frequency ultrasonic frequencies 

(about 1 MHz) allows the general controlled delivery of therapeutic compositions, including those of 

high nrrolecular weight. 

Epidemial administration essentialty involves iDechanically or chenmcalty imtating the 
outermost layer of the epklermis sufficiently to provoke an immune response to the irritant. 
30 Specifically, the initatron shouW be sufficient to attract APCs to the site of imtabon. 

An exemplary nr>echanical irritant means emptoys a multipltcity of very nan^ow diameter, 
short tines whk:h can bo used to irritate the skin and attract APCs to the site of irrrtation. to take up 
ISS-containing composittons transfen^ from the end of the tines. For example, the MONO-VACC 
oW tuberculin test manufactured by Pasteur Meneux of Lyon. France contains a devk:e suitable for 
35 introduction of ISS-containing composittons. 

The devk:e (which is distributed in the U.S. by Connaught Laboratories. Inc. of Svwftwater. 
PA) consists of a plasbc container having a syringe plunger at one end and a tine disk at the other 
The tine disk supports a multiplicity of narrow diameter tines of a length which will just scratch the 
outemvjst layer of epkiermai cells. Each of the tines in the MONO-VACC kit is coated with old 
40 tutjerculin; in the present inventton, each needle is coated with a phamnaceutcal composition of ISS- 
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containing composition. Use of the device is preferably according to Wie nnanufacturer's written 
instructions included witti the device product. Similar devices which can also be used in this 
embodinnent are those which are currently used to perform aHergy tests. 

Another suitable approach to epidenmal administration of ISS is by use of a chemical which 

5 imtates the outermost cells of the epidenmis. thus provoking a sufficient immune response to attract 
APCs to the area. An example is a keratinolytx; agent, such as the salicylic ackl used in the 
commercially available topical depilatory crenDe sold by Noxema Corporatron under the trademark 
NAIR This approach can also be used to achieve epithelial administration in the mucosa The 
chemical imtant can also be applied in conjunction with the mechanical irritant (as, for example, 

10 wouW occur if the MONO-VACC type tine were also coated with the chemical imtant). The ISS can 
be suspended in a earner which also contains the chemical irritant or coadministered therewith. 

Another delivery method for administenng tSS-containing compositions makes use of non- 
lipid potynr>ers, such as a synthetic pdycationic amino polynf>er Leff (1997) Bioworld 86:1-2. 

Parenteral routes of administration include but are not limited to electrical (rontophoresis) or 

15 direct injection such as direct injection into a central venous line, intravenous, intramuscular, 
intrapenloneal. intradermal, or subcutaneous injectkjn Compositions suitable for parenteral 
administration indude. but are not limited, to pharmaceuticalty acceptable sterile isotonic sokjtions. 
Such soIutk>ns incJude. but are not limited to, saline and phosphate buffered saline for injection of 
the ISS-containing compositions. 

20 Gastrointestinal routes of administration include, but are not limited to, ingestion and rectal. 

The invention includes ISS-containing compositions suitable for gastrointestinal administration 
including, but not limited to, pharmaceuticalty acceptable, powders, pills or Ik^uids for ingestion and 
suppositories for rectal administratmn. 

Naso-pharyngeal and pulmonary routes of administration indude, but are not limited to. by- 

25 inhalation. transt>ronchial and tTansa^eolar routes. The invention includes ISS-containing 
compositions suitable for by-inhalation administration induding, but not limited to. vanous types of 
aerosols for inhalation, as weH as powder forms for delivery systems. Devices suitable for by- 
inhalation administration of ISS-containing compositions include, but are not limited to. atomizers 
and vaporizers. Atomizers and vaporizers filled with the powders are anrtong a vairety of devices 

30 suitable for use in by-inhaltion delivery of powders. See, e g . Lindberg (1993) Summary of Lecture 
at Management Forum 6-7 December 1993 'Creating the Future for Portable Inhalers." 

The methods of producing suitable devices for injection, topical applk:ation. atomizers and 
vaporizers are kiwwn in the art and will not be described in detail. 

The choice of delivery routes can be used to nxxlulate the immune response elicited. For 

35 example, IgG titers and CTL activities were identical when an influenza virus vector was 
administered via intramuscular or epidermal (gene gun) routes; however, the muscular inoculatwn 
yielded primarily IgG2A. while the epidennal route yielded TTWstty IgGI. Pertnrwr et al. (1996) J. 
Virof. 70:6119-6125 Thus, one of skill in the art can take advantage of slight differences in 
immunogenicity elicited by different routes of administenng the immunomodulatory oligonudeotides 

40 of the present invention. 
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The above-mentioned compositions and methods of administration are meant to describe 
but not limit the mettiods of adaiinistering the )SS-containing compositions of the invention. The 
methods of producing the various connpositions and devices are within the ability of one skilled in the 
art and are not described in detail here. 

5 

Screening for ISS 

The present invention also provides a rriethod to screen for the immunonxxiulatory activity 
of ISS. In particular, the method provided allows in vitro screening of ISS for the ability to stimulate 
a Th1-type immune response in vivo. As descrit>ed in Example 6, the screening method can involve 

10 the use of either a rrHjrine cell line, e.g., P388D.1. or a human cell line. e.g.. 90196. B. Treatnnent of 
these cell lines with oligonucleotides with potential ISS activity and subsequent determination of 
cytokine production from the treated cells provided a rekabte indication as to immunostimutatory 
activity of the oligonucleotide when administered in vivo. The use of cell lines, such as P388D.1 
and/or 901 09. B. altows tor a readily available, consistent cell population on which the effect of the 

15 oltgonucleotide composition can be measured. In general, oligonucleotides administered at 
concentrations ranging from 0.1 to 10 ng/ml that stimulated a production of cytokine, for example. 
lL-6 andVor IL-12, to a concentration > 2 ng/ml in the culture supernatant after 48 to 72 hours 
indicate inrmunorrKxiulatory activity. Details of in vnro techniques useful tn making such an 
evaluation are given in the Examptes; those of ordinary skill in the art will also know of. or can 

20 readily ascertain, other methods for measuring cytokine secretion and antitxxly production along the 
parameters taught f>erein. 

The following examples are provkled to lllusti-ate. but not limit, the inventkin 

EXAMPLES 

25 

EXAMPLE 1 

Stimulation of cytokine production by otigonucleotkies compri si ng an ISS octanucleotide 
As descritjed above, ISS activity in polynucleotides was initially associated with DNA 
containing unnr>ethylated CpG dinucJeotides. The ISS element was further defined as a hexanneric 
30 sequence, preferably the sequence 5'-Purine. Purine. C, G. Pyrimidine, Pyrinrudine-3' (Krieg et al. 
(1995)). Unfortunately, relying on tt>e hexamer sequence to predict tnvnunostimulatory activity 
yieWs. for the most part, inactive oligonucleotkles. Additkinal experimentation provkled herein 
indkates. however, that nucleotides surrounding the ISS hexamer can contribute significanUy to the 
immunostimulatory activity associated with the ISS element In partrcular, specifk; ISS sequences 
35 have been klentified that stimulate a Thi-type immune response. Expenrrients that have identified 
such ISS elements are described bekTW. 

Over 150 different oligonucleotides (see Table 1 for examptes) were tested for 
immunostimulatory activity on mouse sptenocytes and/or on human peripheral blood nr>ononudear 
cells (hPBMCs). ImmunostinDulation in response to oligonucleotide was assessed by nrteasuremenl 
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of cytokine secretion into ttie culture media and by cell proliferation. Cytokine tevels in the culture 
supernatant were determined by enzyme-linked immunosortient assay (ELISA) tests. 

The oligonucleotides were synthesized using standard solid phase oligonucleotide 
techniques. The solid phase ready analog monomers were purchased from Glen Research. 
5 Sterling. VA and Included in the standard manner in a solid phase oHgonucleotkie synthesizer. The 
synthesis of the oligonucteotktes were performed by TriLink BkiTechnotogies Inc . San Diego. CA. 

Cells were isolated and prepared using standard techniques hPBMCs were isolated from 
heparinized peripheral blood from healthy donors by ficoll Hypaque gradients. Spleens of BALB/c 
mice were han/ested and the sptenocytes isolated using standard teasing and treatnrwnt with ACK 

10 lysing buffer from BioWhittaker. Inc Isolated cells were washed in RPM1 1640 media supplemented 
with 2% heat-inactivated fetal calf serum (FCS). 50 jiM 2-mercaptoethanol. 1% pencillin- 
streptomycin. and 2 mf^ L-glutamine and resuspended at approximately 4 x 10* cells/ml in 
10%FCS/RPMI (RPMI 1640 media with 10% heat-inactivated FCS. 50 2-mercaptoethanol. 1% 
penicillin-streptomycin, and 2 mM L-glutamine). 

15 Generally, cell cultures were set up in triplk:ate with approximately 4x10^ cells/well in a 96- 

well. flat microtiter plate in 100 ^l 10%FCS/RPMI with the cells allowed to rest for at lest 1 hour after 
plating. For digonucleotide activity assays, oligonucleotides were diluted in 10%FCS/RPMI and 100 
^1 of the desired oligonucleotide dilution was added to the appropriate well. In general, final 
oligonucleotide concentrations included 0.1 ng/ml. 10 ng/ml, and 10 Mg/ml Cells were then 

20 incubated for 1 , 2. or 3 days. 

To determine cell proliferation, 100 ^it of supernatant was harvested from each well on 
appropriate days, pulsed with 10 jiM tritiated thymidine and incubated overnight. Standard 
methods to assess tritiated thymidine incorporabon were used to detemnine cell proliferation. 
Cytokine production by the cells was determined by ELlSAs of culture supernatant using 

25 commercially -available antibodies to the cytokines. 

Results of such experinDents are graphk:ally depicted in Figures 1-3. The oligonucleotides 
used included the following; 
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cytosine. ftuoropynmkline. fluorouracil, 5,6-dihydrocytosine, halogenated cytosine. halogenated 
pyrimtdine analogue, hydroxyurea, iodouradl. S-nitrocytosine. uracil, and any other pyrimidine 
analog or modified pyrimidine. 

5 Methods of nr>odulatinq immune respon ses with ISS 

In one embodiment, the invention provides compositions comprising ISS as the only 
immunologicalty active substance. Upon administration, such ISS induces a stimulation of the 
immune system. 

In other emtxxJiments. ISS can be administered in conjunction with one or more members of 

10 the group of immunonnoduiatory molecules comprising antigens (including, but not limited to. 
proteins, glycoproteins, potysaccharides, and lipids), and/or immunomodulatory facilitators such as 
co-stimulatory nwtecules (including, but not iimrted to, cytokines, chemokines. targeting protein 
hgand. ti^ns-activating factors, peptides, and pepbdes compnsing a modified ammo ac(d) and 
adjuvants (including, but not limited to. alum, lipid emulsions, and polylactide/potygtycolide 

15 micropartides). The term "immunomodulatory" as used heretn includes immunostimulatory as welt 
as immunosuppressive effects. Immunostimulatory effects include, but are not limited to. those that 
directly or indirectly enhance cellular or humoral immune responses. Examptes of 
immunostimulatory effects include, but are not limited to, increased antigen-spedfic antibody 
production; activation or proliferahon of a lymphocyte population such as NK cells, CD4* T 

20 lymphocytes. CDS* T lymphocytes, nriacrophages and the like; increased synthesis of 
immunostimulatory cytokines including, but not limited to. IL-1. IL-2. !L-4. IL-5. lL-6, IL 12, IFN-y. 
TNF-a and the like. Immunosuppressive effects include those that directly or indirectly decrease 
cellular or hunrtoral immune responses. Examples of immunosuppressive effects include, but are 
not Iimrted to, a reduction in antigen-specific antibody productwn such as reduced IgE productron; 

25 activation of lymphocyte or other cell populations ttiat have inrvnunosuppressive activities such as 
those thai result in immune tolerance; and increased synthesis of cytokines that have suppressive 
effects toward certain cedular functions. One exanr>ple of this is IFN^, which appears to block IL-4 
induced class switch to IgE and lgG1. thereby reducing the levels of these antibody subclasses. 

The ISS and the antigen and/or immunonnoduiatory facilitator can be administered together 

30 in the form of a conjugate or co-administered in an admixture suffkaentty ctose in time so as to 
modulate an irrumine response. Preferably, the ISS and immunomodulatory nrolecute are 
administered simultaneously. The term 'co-administration" as used herein refers to the 
administration of at least two different substances sufficientty close in time to modulate an immune 
response. Preferably, co-administration refers to simultaneous administration of at least two 

35 different substances. 

As used herein, the term "conjugate' refers to a complex in which an ISS and an 
immunomodulatory molecule are linked. Such conjugate linkages include covalent and/or non- 
covalent linkages. 

As used herein, the term "antigen" means a substance that is recognized and bound 
40 specifically by an antibody or by a T ceH antigen receptor Antigens can include peptides, proteins. 
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glycoproteins, polysaccharides, gangfoskJes and lipids; portions thefBof and combinations thereof. 
The antigens can be those found in nature or can be synthetic. Haptens are induded within the 
scope of "antigen." A hapten is a low molecular weight compound that is not immunogenic by Itself 
but is rendered immunogenic when conjugated with an immunogenic nwlecule containing antigenic 
5 determinants. 

As used herein, the tenn 'adjuvant" refers to a substance which, when added to an 
immunogenic agent, nonspedfically enhances or potentiates an immune response to the agent in 
the recipient host upon exposure to the mixture. 

In the stimulation of an immune response, nrtost adjuvants have generally been found to 

10 stimulate macrophages at the site of injection. As described herein, ISS have been shown to 
stimulate cytokine production from macrophage celts and, as such, immunostimulatory 
pdynudeotKJes function as adjuvants. Thus, in another embodiment, the inventKxi provides 
compositions comprising ISS and an antigen. Antigens suitable for administration with ISS include 
any nrK)lecule capable of eliciting a B cell or T cell antigen-specific response. Preferably, anugens 

15 elicit an antibody response specific for the antigen. A wide vanety of molecules are antigens. 
These include, but are not limited to, sugars, lipids and polypeptides, as well as macromolecutes 
such as complex cartxihyd rates, and phospholipids. Srrall molecules may need to be haptenized in 
order to be rendered antigenic. Preferably, anbgens of the present invention include peptides, lipids 
(e.g. sterols, fatty adds, and phospholipids), polysaccharides such as those used in Hemophilus 

20 influenza vacdnes, gangliosides and glycoproteins. 

As used herein, tt>e term "peptide' indudes peptides and proteins that are of sufficient 
length and composition to effect a bbloglcal response, e.g. antibody production or cytokine activity 
whether or not the peptkle is a hapten. Typically, the peptides are of at least six amino ackJ 
residues in length. The term "peptkJe" further indudes nrodified ammo acids, such modifications 

25 induding, but not limited to, phosphorylation, gtycosyiation. pegylabon, lipidization and methylation. 

In one GmlxxJirT>ent, the invention provides compositions comprising ISS arKJ antigenic 
peptides. Antigenic peptkJes can indude purified native peptides, synthetic peptides, recombinant 
proteins, cnxle protein extracts, attenuated or inactivated vimses, cells, micro-organisms, or 
fragnnents of such peptides. 

30 Many antigenk: peptides and proteins are known, and availat>le in the art; others can bie 

identified using conventional techniques. Protein antigens that can serve as immunomodulatory 
facilitators indude. but are not limited to, the folkjwing examples. Isolated native or recombinant 
antigens can be derived from plant pollens (see, for example, Rafnar et al. (1991) J. Biol. Chem. 
266; 1229-1 236; Breiteneder et al. (1989) EMBO J. 8:1935-1938; Elsayed et al. (1991) Scand J 

35 Clin. Lab. Invest. Suppl. 204:17-31; and Malley (1989) J. Reprod. Immunot. 16:173-186), dust mite 
proteins (see, for example, Chua et al. (1988) J. Exp. Med. 167:175-182. Chua et al. (1990) Int 
A/ch. AJIergy AppI Immunol. 91:124-129; and Joost van Neen/en et al (1993) J. Immunol. 
151 2326-2335), animal dander (see, for exampte. Rogers et al. (1993) Mol. Immunol. 30:559-568), 
animal saliva, bee venom, and fungai spores Live, attenuated and inactivated mk:roorganisms 

40 such as HlV-1, HlV-2. herpes simplex virus, hepatitis A virus (Bradley et al. (1984) J. Med. Virol. 
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14:373-386), rotavirus, polk) virus (Jiang et al. (1986) J. Biol. Stand. 14:103-109), hepatitis B viais. 
meastes virus (James et al (1995) N. Engl. J. Med. 332:1262-1266). human and bovine papilloma 
virus, and slow brain viruses can provide peptide antigens. For immunization against tumor 
formatron, immunomodulatory peptides can include tumor cells (live or irradiated), tunxir cell 
5 extracts, or protein subunits of tumor antigens. Vaccines for immuno-based contraception can be 
fonned by including spemi proteins administered with ISS. Lea et al (1996) Biochim Biophys Acta 
1307:263. 

The ISS and antigen can be administered as an ISS-antigen conjugate and/or ttiey can be 
co-administered as a complex in the form of an admixture, such as in an emulsion. The association 

10 of the ISS and the antigen molecules in an ISS-antigen conjugate can be through covatent 
interactions and/or through non-covatenl interactions, including high affinity and/or low affinity 
interactions. Examples of non-covalent interactions that can couple an ISS and an antigen in an 
ISS-antigen conjugate include, but are not limited to. ionic bonds, hydrophobic interactions, 
hydrogen txjnds and van der Waals atti^cbons. 

15 In another embodiment. ISS can be administered in conjunction with one or more 

immunomodulatory facilitator. Thus, the invention provides conr>positions comprising ISS and an 
immunomodulatory facilitator. As used herein, the term "immunomodulatory facilitator^ refers to 
molecules which support and/or enhance the immunomodulatory activity of an ISS. Examples of 
imrrujnomodulatory facilitators can include co-stimulatory nxjleculcs. such as cytokines, and/or 

20 adjuvants. The ISS and facilitator can be administered as an iSS-facilitator conjugate and/or they 
can be co- ad ministered as a complex in the form of an admixture, such as in an emulsion. The 
association of the ISS and the facilitator molecules in an ISS-facilitator conjugate can be through 
covalent interactions and/or through noo-covatent interactions, including high affinity and/or low 
affinity interactions. Examples of non-covalent interactions that can couple an ISS and a facilitator 

25 in an ISS-fadlitator conjugate ir>clude, but are not limited to. ionic bonds, hydrophobic interactions, 
hydrogen bonds and van der Waals attractions. 

ImmunorTKxlulatofy facilitators include, but are not limited to. co-stimulatory rrolecules (such 
as cytokines, chemokines. targeting protein ligand, ti^ans-activating factors, peptides, and peptides 
composing a rrxxlrfied amino ackl) and adjuvants (such as alum, lipkl emulswns. and 

30 potylactkie/polygtycolkJe mk^TjpartKles). 

Anx]r>g suitable invnunormdulatory cytokine peptides for adrruntsbtiitx>n with ISS are the 
interleukins (e.g.. IL-1, IL-2. IL-3. etc.). interferons (e.g.. IFN-a. IFN-(5. IFN-y). erythropoietin, colony 
stimulating factors (e.g., G-CSF, M-CSF. G^A-CSF) and TNF-a. Preferably, immunostimulator/ 
peptides for use in conjunction with ISS oligonucleotides are those that stimulate Th1-type immune 

35 responses, such as IL-12 {BUss et al. (1996) J. Immunoi. 156:887-894). IL-18. TNF-a. p and y, 
and/or transfonDing growth factor n"GF)-a. 

Peptides administered with ISS can also include amino ackl sequences that niediale protein 
binding to a specifk: receptor or that nnediate targeting to a speafic cell type or tissue. Examples 
include, but are not limited to. antitxxlies or antibody fragnr>ents. peptide hornxsnes such as human 

40 growth hormone, and enzymes. Immunonrcduiatory peptides also include peptide hormones. 
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peptide neurotransmitters and peptide growtti factors. Co-stimulatory nrrotecules such as B7 
{CD80), trans-activating proteins such as transcription factors, chennokines such as macrophage 
chemotactjc protein (MCP) and other cherrroattractant or chenrtotactic peptides are also useful 
peptides for administration with ISS. 

5 The invention also provides for the administration of ISS in conjunction with an adjuvant. 

Administration of an antigen with an ISS and an adjuvant leads to a potentiation of a immune 
response to the antigen and thus, can result in an enhanced immune response compared to that 
which results from a composition comprising the ISS and antigen alone. For example, we have 
shown that administration of an antigen with an ISS and an adjuvant leads to an enhanced primary 

10 immune response. Thus, in another emtxxlinf^nt, the invention provides compositions comprising 
ISS, an antigen and an adjuvant whereby the ISS/antigen/adjuvant are co-administered Preferably, 
the immunogenic composition contains an amount of an adjuvant sufficient to potentiate the immune 
response to the immunogen. Preferably, adjuvants indude, but are not limited to. oil-in-water 
emulsions, water-in oil elmulsions. alum (aluminum salts), liposonres and microparticles. including 

15 but not limited to. pofysyti-ene. starch, potyphosphazene and poly lactide/poly glycosides. More 
preferably, the ISS and antigen are co- ad ministered with alum. More preferably, the ISS and 
antigen are co-administered with liposomes. Still wore preferably, the ISS and antigen are co- 
administered with an oil-in-water emulsion. 

Suitat>le adjuvants also include, but are not limited to, squalene mixtures (SAF-1), muramyl 

20 peptide, saponin derivatives, mycot)actenum cell wall preparations, monophosphoryl lipid A. mycotic 
acid derivatives, nonionic t>lock copolynrwr surfactants, Quil A, cholera toxin B subunit. 
potyphosphazene and derivatives, and immunostimulating complexes (ISCOMs) such as those 
descnbed by Takahashi etal. (1990) Nature 344:873-875, as well as, lipid-based adjuvants and 
others descrit>ed herein. For veterinary use and for production of antibodies in animals, mitogenic 

25 components of Freund's adjuvant (both connplete and incomplete) can be used 

As with all immunogenic compositions, the immunologically effective amounts of the 
components must be determined empirically. Factors to be conskJered include the antigenicity, 
whether or not ISS and/or antigen will t>e comptexed with or covatently attached to an 
immunofTKxlulatory facilitator, an adjuvant or carrier protein or other carrier, route of administration 

30 and the number of immunizing doses to be administered. Such factors are known in the vaccine art 
and it is well within the skill of immunotogists to make such determinations without undue 
expennDentation. 

The invention further provkJes for compositions in which ISS and an immunomodulatory 
moleajle(s) are in proximate association at a distance effective to enhance the immune response 

35 generated compared to the administi^tion of the ISS and the immunorrxxlulatory molecule as an 
adrriixture. Thus, the invention provides compositions and methods of use thereof comprising an 
encapsulating agent that can maintain the proximate association of the ISS and immunomodulatory 
molecule until the complex is available to the target. Preferably, the composition comprising ISS, 
imnrHjnomodulatory nrrolecule and encapsulating agent is in the form of adjuvant oil-in-water 

40 emulsions, microparticles and/or liposonnes. More preferably, adjuvant oil-in-water emulsions. 
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TABLE 1 



SEQ ID NO: 


Oligonudeotjde Sequence 




1 


tciaccgtgaacgttcgagatga 


ISS (bold, underline) 


2 


tgactgtgaacgttcgagatga 


ISS 


3 


tgactgtgaaggttagagatga 




4 


tcatctcgaacgttccacagtca 


ISS 


5 


tcatctcgaacgttcacggtca 




6 


tgactgtgaacgttccagatga 


ISS 


7 


tccataacgttcgcctaacgttcgtc 


2xlSS 


8 


tgactgtgaacgttagcgatga 




9 


tgactgtgaacgttagacgtga 




10 


tgacgtgaacgttagagatga 




11 


tgactcgtg aacgttagagatga 





All oligonucleotides used in these experinwnts contained a phosphorothioale backbone. 
As stiown in Fig. 1-3, the phosphorothioate oligonucleotides 1, 2 and 7 (SEQ ID NO:1, SEQ 
5 ID NO:2 and SEQ ID NO:7. respectively) are potent stimulators of secretion of IL-12. IFN-y and IL-6 
from munne splenocytes These oligonucleotides also stimulate cytokine secretion from hPBMCs 
All three of these oligonudeotides comprise the preferred octanucleobde sequence of 5*-Purine, 
Purine. Cytoskie. Guanosine, Pyrimidine, Pyrimtdine, Cytosine, Guanosine-3' (see Table 1). 

Examples of additional oligonudeotides with immunostimulatory activity indude 
10 oligonudeotides 4 and 6 (SEQ ID NO; 4 and SEQ ID N0:6). TTiese immunostimulatory 
oligonudeotides also comprise a prefened octanucieotide sequence (see Table 1) Figures 1-3 and 
Table 1 also indicate that the indusion of a hexameric ISS element, defined by Krieg et al. (1995) as 
5'-Purine, Purine, C, G, Pyrimidine. Pyrim»dine-3'. in an oHgonudeotide was not a reliable predictor 
of immunostimulatory activity for tt)e oligonudeotide. Sec, for example, oligonudeotides 5, and 8- 
15 11. 

EXAMPLE 2 

Stimulation of cytokine production by ISS comprising m odified bases 
Several oligonudeotides conr>prTsing nxKlified bases were tested for their immunostimulatory 
20 activity on mouse splenocytes and on hPBMCs. Immunostimulation in response to oligonucleotide 
was assessed by measurement of cytokine secretion into the culture media and by cell proliferation 
as described above. Cell cultures and digonudeotkle activity assays were set up and performed as 
described above 
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Table 2 



SEQ ID NO: 


Ohgonucteotide Sequence 




2 


tqactqtqaacgttcgaqcitga 


ISS (bold, underline) 


12 


tqactqtqaabgttccagacqa 


b = 5-bronrK>cytosine 


13 


tqactqLqaaqcttagagatga 


no ISS 


14 


tcactctcttccttact cttct: 


no ISS 


15 


t.qactqt.qaabgttcgaqatga 


b = 5-bromocytosine 


16 


t qa c t q t qaabg ttbga qa t ga 


b = 5-bromocytDsine 


17 


tccatgabgttcqtqatcqt 


b = S-bromocytosine 


18 


tccataabgttcctgatqct 


b = 5-bronrrocytosine 


19 


tccataabgttcgtgatqct 


b = 5-bromocytosine 


20 


tccataabgttcgcctaacgttcg 


b = b-bromocytosine 


21 


t. c c a t aabg 1 1 cgc c L aabg 1 1 eg 


b = 5-bromocytosine 



Figures 4-6 depict cytokine production and cell proliferation results from an experiment in 
5 which mouse splenocytes were cultured oligonudeotides listed in Table 2, where b Is 5- 
bromocytosine and an ISS octamer sequence is in t>old and underiined. Oligonucleotides were 
used at a final concentration of 1.0 ^g/ml or 10 ^g/mt Treatment of the cells with oligonucleotides 
containing at least one ISS resulted in the production of IL-6 and IL-12 from the cells, as well as a 
stimulation of cell proliferation. The oligonudeotides containing a rrxxlified ISS were, in general, as 
10 effective as or more effective than the oligonucleotide with an unnxxlified ISS. Oligonucleotides 
without an ISS were unable to stimulate lL-6 or IL-12 production or cell proliferation. All 
oligonudeotides used in this expenment contained a phosphorothioate backbone. 



15 EXAMPLE 3 

Potentiation of an immune res p onse with adjuvant co-administration 
The effect of adjuvant co-administration with antigen and ISS on an imrrxine response to the 
antigen was examined using the adjuvant aluminum hydroxide (alum) and the oil-in-water elumsion 
adjuvant. MF59. Compositions comprising 1 ^g AgE, also known as Amb al. a major allergic 
20 component of short ragweed, was injected intrademialty into mice at week 0. 2. and 4. Antigen 
compositions used are listed in Table 3 Oligonudeotide 2 (SEQ ID N0:2) was used in the 
compositions as indcated. 
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Tables 



AgE 


AgE-oligo 2 conjugate 


AgE + oligo 2 mix (equivalent) 


AgE + oligo 2 mix (50 jig oligo 2) 


AgE and MF59 


AgE-oligo 2 conjugate and MF59 


AgE and alum (25 ^g) 


AgE-oligo 2 conjugate and alum (25 (ig) 


AgE and alum (800 jig) 





The anrKXint of anti-AgE antibody in the semm of the mice was determined at day 0 and 
weeks 2, 4, and 6. Anti-AgE lgG1 and anti-AgE IgG2a antibody assays were performed by EUSA 
5 tests using the original AgE vaccine as the coated antigen on mlcrotiter plates as described in Raz 
et al (1996). Anti-AgE IgE was detemnined by standard radioimmunoassay techniques. Results of 
these experiments are depicted in Figures 7-9. 

As shown in Figure 7. administratton of anbgen alone or in a mixture with ISS resulted in 
almost no anti-AgE lgG2a production, whereas administration of an antigen-ISS conjugate 

10 generated a significant level of anti-AgE lgG2a antibody. Simultaneous co-administration of an 
antigen-ISS conjugate and adjuvant MF59 resulted in an approximately two-fold increase in anti- 
AgE lgG2a antibody production relative to that obtained from the adminstration of the antigen-ISS 
conjugate alone. Thus, administration of antigen and iSS in proximate association, such as in the 
fomi of a conjugate, or co-administration of MF59 and antigen-ISS increased the primary Thi-type 

15 immune response generated by the antigen or by the antigen-ISS conjugate, respectively, indicating 
that the ISS has an independent adjuvant activity. 

Anti-AgE lgG2a production as a resutt of co-administration of alum and antigen-ISS 
conjugate as compared to that of co-ad ministration of anbgen and alum also Indicates an 
independent adjuvant activity associated with ISS (Fig. 9). 

20 CpG containing oligonucleotides were recently shown to promote a Thi-type immune 

response when administered with anbgen and incomplete Freund's adjuvant (I FA) as compared to 
the Th2-type response generated to the administration of antigen with IFA alone. Chu et al. (1997) 
J. Exp. Med. 1 a 1623-1631. In this study, the oligonucleotides were always administered in the 
presence of the presence of IFA. Although this study indicates that co-administration of CpG- 

25 containing oligonucteotides with an antigen and an adjuvant can resutt in a shift in the immune 
response from a Th2-type response to a ThVtype response, experirDents were not performed to 
indicate any independent adjuvant activity for the oligonucleotide, as presented in the instant 
invention. 

30 EXAMPLE 4 

Selective Induction of a Thi-type Response in a Host after Administi^tion of a Composition 
C omprising an ISS 

As described herein, a Thi-type immune response is associated with the production of 
specific cytokines, such as IFN^, and results in production of CTLs. 
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To determine if a Thi-type immune response would be produced in mice receiving ISS 
oligonucleotide compositions according to the invention, mice vi^ere tmmuntzed with p-galactosidase 
(p-Gal) protein in various compositions, with and without co-administration of ISS oligonucleotkles. 
The compositions used included 1 or 10 ng (J-Gal and are listed in Table 4. 
5 Table 4 



P-Gal 


fM3al-ot)go 2 conjugate 


p-Gal-oligo 2 mix (equivalent) 


p-Gal-oligo 2 mix (50 \ig oligo 2) 


1 ng p-Gal/Atum 





BALB/c mice were Injected intradermalty with tt>e announts and compositions shown above 
and sacrificed 2 weeks after injectron. Their antigen dependent CTL responses and cytokine 
secretion profile were tested in vitro. CTL responses were determined as described in Sato et al 

10 (1996). Cytokine secretion was detenmined by ELISA tests. Naive mice are also included m the 
expennnent Results are deprcted in Figures 10-13. 

At an early time point in the immune response, two weeks after administratron of ttie 
compositions. CTL activity was found from cells of mrce receiving 10 antigen conjugated with an 
ISS (Fig. 10) Sptenocytes from mice receiving 1 vig (Jgal conjugated with ISS generated an amount 

1 5 of CTL activity comparable to that of those receiving 10 ^g pgal conjugated with ISS (Fig 11) IFN- 
y, a Thi -biased cytokine, was produced only from cells of mice which had received pgal conjugated 
with ISS (Fig. 12). Cells from these mice also produced IL-10. a Th2-biased cytokine (Fig. 13) 

EXAMPLES 

20 Primate immune response to antigen-ISS compositions 

To examine the immunomodulatory activity of ISS beyond in vitm and murine experiments, 
immune responses in ttie presence of ISS are examined in prinwtes. 

Cynomolgous nrwnkeys were immunized intramuscularty with 10 ^g hepatitis B surface 
antigen (HBsAg) either alone or nr^ixed with either 50 \iQ of oligonucteotide 2 (SEQ ID N0.2) or 500 

25 M9 of oligonucleotide 2 at week 0, 4. and 8. Antibody responses to HBsAg were measured using 
Abbott Laboratories AUSAB kit at week 4 (4 weeks after first injection), week 5 (5 weeks after first 
injection and one week after second injection) and week 8 (8 weeks after first injection and 4 weeks 
after second injection). Tt>e results are shown in Figures 14, 15. and 16. At each time point 
examined, co-administration of antigen with ISS generally resulted in a greater antibody response to 

30 the antigen. Thus, in pnmates. ISS provkles an adjuvant-like acitvity in the generation of an immune 
response to the co-ad ministered antigen. 

In the experiment with cynomolgus nronkeys. ISS and antigen were administered as an 
admixture. To determine the immunomodulatory activity of an ISS-antigen conjugate in primates, 
traboons are injected with compositions comprising ISS-Amb ai conjugates. At appropriate 

35 intervals, antigen specific immune responses are determined as described herein. For example. 
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antigen-Specific senjm antibody levels are determined and compared to such levels in pre-innmune 
semm. 

E XAMPLE 6 

5 Method of screening for tmnKinostimulatory oligonucleotides 

To identify oligonucleotides with potential ISS activity, cell lines are treated with the 
oligonudeotidcs to be tested and resultant cytokine production is determined, if any. Cell lines used 
for the screening of ISS activity are the murine cell line P388D 1 or the human cell line 90196.B. 
both of which are available from the American Type Cutture Collection. 
10 Cells are grown and prepared using standard techniques. Cells are harvested during 

growth phase and are washed in RPMl 1640 media supplemented with 2% heat-inactivated fetal calf 
serum (FCS). 50 ^M 2-mercaptoethanol. 1% penidllin-sti-eptomycin, and 2 mM L-giutannine and 
resuspended at approximately 4x10** celis/ml in 10%FCS/RPMI 

Cell cultures are set up in triplicate with approximately 4x10* cells/well m a 96-well. flat 
15 microtiter plate in 100 ^t! 10%FCS/RPM1 with the cells allowed to rest for at lest 1 hour after plating. 
Oligonucleotides to be tested are diluted in 10%FCS/RPMI and 100 nl of oligonucleotide dilution is 
added to an appropriate well. In general, final oligonucleotide concenti-ations indude 0.1 ng/ml, 1.0 
ng/ml, and 10 pg/ml Cells are tiien incubated for 1, 2, or 3 days. 

To determine cell proliferation, 100 ^il of supernatant is harvested from each well on 
20 appropriate days, pulsed with 10 \iM ti-itiated thymidine and incubated overnight. Standard 
nnethods to assess tritiated thymidine incorporation are used to determine cell proliferation. 

Cytokine production by the cells is determined by ELISAs of culture supematant using 
commercialty-avaiiable antibodies to the cytokines. Detection of >2 ng/ml IFN-y and/or I L- 12 in the 
cell cutture supematant 48 or 72 hours after additwn of an oligonucleotide to the ceils is indicative of 
25 ISS activity in the oligonudeotide. Production of IFN-f and/or IL-12 in particular is indicatrve of 
activity to induce a Thi-type ISS immune response. 

Although the foregoing invention has been described in some detail by way of illustration 
and example for purposes of clarity of understanding, it will be apparent to those skilled in the art 
30 that certain changes and nrwdifications may be practiced. Therefore, the descnptions and examples 
should not t>e construed as limiting the scope of the invention, which is delineated by the appended 
claims. 
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SEQUENCE LISTING 

(1) GENERAL I N FX3RMAT I ON : 

(i) APPLICANT: Schwartz, David 
Roman, Mark 
Dlna, Dino 

(ii) TITLE OF INVENTION: I MMUNO STIMULATORY OLIGONUCLEOTIDES, 

COMPOSITIONS THEREOF AND METHODS OF USE THEREOF 

(iii) NUMBER OF SEQUENCES: 21 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: MORRISON i FOERSTER 

(B) STREET: 755 PAGE MILL ROAD 

(C) CITY: Palo Alto 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 94.104-1018 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
(I^) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: Windows 

(D) SOFTWARE: FastSEQ for Windows Version 2.0b 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 

(H) FILING DATE: 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/048,793 

(B) FILING DATE: 06-JUN-1997 



(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Polizzi, Catherine M 

(B) REGISTRATION NtJMBER: 40,130 

{C) REFERENCE /DOCKET NUMBER: 3778fl-?0004 . 00 

{ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 650-813-5600 

(B) TELEFAX: 650-494-0792 

(C) TELEX: 706141 



[2] INFORMATION FOR SEO ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

TGACCGTGAA CGTTCGAGAT GA 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(D) TYPE: nucloic acid 
(C) STRANDEDNESS: .sinqle 
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(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: .SEQ ID NO: 2: 

TGACTCTGAA CGTTCGAGAT GA 

(2) INFORMATION FOR SHQ ID N0:.1: 

(i) SEQUENCE CliARACTERISTICS : 
(A) LENGTH: 22 base pairs 
(D) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TCACTGTGAA GGTTAGAGAT GA 22 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH; 2 3 base paira 
(D) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCATCTCGAA CGTTCCACAG TCA 

(?) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi» SEQUENCE DESCRIPTION: SEQ ID NO:^: 
TCATCTCGAA CGTTCACC^CT CA 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 
to STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TGACTGTGAA CGTTCCACAT CA 22 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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txi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

TCCATAACGT TCGCCTAACG TTCGTC 

5 (2) INFORMATION FOR SEQ ID NO:fi: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 22 base pairs 
(D) TYPE: nucleic acid 
10 {C) 5TRANDEDNESS: single 

(D) TOPOLOGY: linear 



15 



25 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
TCACTGTGAA CGTTAGCGAT GA 

(2) INFORMATION FOR SEQ TD NO: 9: 



20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 
CD) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIl'TION: SEQ ID N0:9: 
TGACTGTGAA CGTTAGACGT GA 

(2) INFORMATION FOR SEQ ID NO: 10; 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
35 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



40 (xi) SEQUENCE DESCRIPTION: SEQ II) NO: 10: 

TGACGTGAAC GTTAGAGATG A 

(21 INETDRMATION FOR SEQ ID NO: 11: 

45 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
(D) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
50 (D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

55 TGACTCGTGA ACGTTAGAGA TGA 

(2) INFORMATION FOR SEQ ID NO: 12: 

U) SEQUENCE CHARACTERISTICS: 
60 (A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

65 (ix) FEATURE: 

(A) NAME/KEY: Modified Base 

(B) LOCATION: 11... 0 
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(D) OTHER INFORMATION; 6-broinocytos ine 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

5 TGACTGTGAA NGTTCCAGAT GA 

(2) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS : 
10 (A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

15 

(XI) SEQUENCE DESCRIPTION: SEQ TD NO: 13: 

TGACTGTGAA GCTTAGAGAT CA 

20 (2) INFORMATION FOR SEQ ID NO: 14 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(n) TYPE,: nucleic acid 
25 (C) STRANDEDNESS: Single 

(D) TOPOl/XJY: linear 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

TCACTCTCrr CCTTACTCTT CT 

(2) INFORMATION FOR SEQ ID NO: 15: 

35 ti) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 
CD) TYPE: nucleic acid 

(C) STRAHDKUNESS: single 

(D) TOPOLOGY: linear 



40 



50 



60 



(ix) FEATURE: 



(A) NAME/KEY: Modified Base 

(B) LOCATION: 11... 0 

45 (D) OTHER INFORMATION: b-bromocy tos in« 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 
TGACTGTGAA BGTTCGAGAT GA 

(2) INFORMATION FOR SEQ ID NO: 16: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 



(ix) FEATURE: 

(A) NAME/KEY: Modified Base 

(D) LOCATION: 11... 0 

(D) OTHER INFORMATION: 5 broroocytosine 

65 (A) NAME/KEY; Modi tied Base 

(D) LOCATION: lb. . . 0 

(D) OTHER INFORMATION: .'j-bromocy tos i nc 
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(xi) SEQUENCE DESCRIPTION; :;E0 ID N0:L6: 
TGACTGTGAA DGTTBGAGAT GA 
5 (2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic aclri 
10 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(IX} FEATURE: 

15 (A) NAME/KEY: Modified Base 

(B) LOCATION: 8...0 

(D) OTHER INFORMATION: 5 -bromocytonine 



20 



Ui) SEQUENCE DESCRIPTION: SKO ID N0:1'/: 
TC:CATGABGT TCGTGATCGT 

(2) INFORMATION FOR SEQ ID NO: 18: 

25 li) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: sinqlfi 

(D) TOPOLOGY: linear 



30 



35 



45 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TCCATAABGT TCCTGATGCT 

(2) INFORMATION FOR SEQ ID NO: 19: 



(1) SEQUENCE CHARACTKHISTICS: 
(A) LENGTH: 20 base pairs 
40 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ix) FEATURE: 

(A) NAME /KEY: Modified Base 

(B) LOCATION: 8...0 

{D> OTHER INFORMATION: b bromocytosine 
50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCCATAABGT TCGTGATGCT 

(2) INfTORMATION FOR SEQ ID NO: 20: 

55 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
60 (D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME/KEY: Modified Base 
65 (D» LOCATION: 8.-.0 

(D) OTHER INFORMATION: b- bromocytosine 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

— 38 — 
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TCCATAABGT TCGCCTAACG TTCG 

(2) INTORMATION FOR SEQ ID NO:21: 

5 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY; line.ir 

(IX) FEATURE: 

(A) NAME/KEY: Moditied Baae 
15 (B) LOCATION: 8...0 

(D) OTHER INFX3RMATI0N: S-bromocytosine 

(A) NAME/KEY: Modified Base 

(B) LOCATION: 19...0 

20 (H) OTHER INFX)RMATION: 5-bromocy tosine 

(xi) SEQUENCE DESCRIPTION; SF.Q ID NO: 21: 
TCCATAABtrr TCGCCTAABG TTCG 
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CLAIMS 

We daim: 

5 1. An immunomodulatory oligonucleotide comprising at least one immunostimulatory octanucleotide 
sequence (ISS). 

2. An immunonrxxJulatory oligonucteotidc of claim 1. wherein the ISS octanucleotkJe compnses the 
sequence S' Purine. Purine, Cytosine. Guanine, PyrimkJine. Pyrimidine. Cytosine. Cytosine-3' 

10 

3. An immunomodulatory oligonucleotKle of claim 1, wherein the ISS octanucleobde comprises the 
sequence 5'-Purine. Purine, Cytosir^, Guanine. Pyrimidine, Pyrimidine. Cytosine. Guanine-3'. 

4 An immunomodulatory oligonudeottde of claim 1. wherein the ISS octanucleotide sequence is 
15 selected from the group of sequences consisting of AACGTTCC, AACGTTCG. GACGTTCC, and 
GACGTTCG. 

5. An immunomodulatory oligonudeotide comprising the sequence of SEQ ID NO:2. 
20 6. An immunomodulatory oligonudeotide comprising the sequence of SEQ ID NO:4. 

7. An immunonrwxJulatory oligonucleotide comprising the sequence of SEQ ID N0;1 

8. An immunonrodulatory oltgonucieotide compnsing the sequence of SEQ ID NO:6. 

25 

8. An immunomodulatory otigonucieotide compnsing the sequence of SEQ ID NO: 7. 

10. An immunomodulatory oligonudeotide of claim 2. wherein at least one of the cytosines of the 
ISS octanucleotide sequence is substituted with a nrxxlified cytosine. 

30 

11. An immunomodulatofy oligonudeotide of claim 10, wherein the modified cytosine comprises an 
addition of an electnxi-withd rawing group at least to C-5. 

12. An immunonrxxlulatory oligonudeotide of claim 10, wherein the nxidified cytosine compnses an 
35 addition of an electron-withdrawing group at least to C-6. 

13 An immunomodulatory oligonucleotide of daim 10. wherein the modified cytosine is a 5 - 
bronxx:ytidir>e. 
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14. An immunorrxxlulatofy oligonucleotide of claim 10, wherein the C at the third position from the 
5' end of the ISS octanudeotide is substituted with a S'-bromocytidine. 

15. An immunomodulatory oligonucleotide of claim 10. wherein the C at the third position from the 
5 5' end of the ISS octanudeotide is substituted with a 5'-bromocytidine and the C at the seventh 

position from the 5' end of the ISS octanudeotide is substituted with a 5 -bromocytKline. 

16. An immunomodulatory oligonucleotide of claim 3. wherein at least one of the cytosines of the 
ISS octanudeotide sequence ts substituted with a nrxxJified cytoslne. 

10 

17. An imnxjnonxxlulatory oligonucleotide of claim 16. wherein the modified cytosine compnses an 
addition of an electron -withdrawing group at least to C-5. 

18 An immunomodulatory oligonudeotide of claim 16. wherein the modified cytosine comprises an 
1 5 addition of an electron-withdrawing group at least to C-6. 

19. An inrununorrrodulatory oligonucleotide of daim 16. wherein the nnodified cytosine is a S'- 
bromocytidine. 

20 20. An immunorrxKlulatory oligonucleotide of daim 16, wherein the C at the third position from the 
5' end of the ISS octanudeotide is substituted with a 5'-bromocytidlne. 

21. An immunomodulatory oligonudeotide of daim 16, wherein the C at the third position from the 
5' end of the ISS octanudeotide is substituted with a S'-bronwcytidine and the C at the seventh 

25 position from the 5' end of the ISS octanudeotide is substituted with a 5'-bronrKx;ytidine. 

22. An immunonwdulatory oligonudeotide conripnsing the sequence of SEQ ID NO; 12. 

23. An immunonxKlulatory oligonudeotide comprising the sequence of SEQ ID NO: 15. 

30 

24. An immunonnodulatory obgonucleotide comprising the sequence of SEQ ID NO: 16. 

25. An immunonrxxJulatory composition comprising 

an immunomodulatory oligonucleotide according to daim 1; 
35 and further comprising an antigen. 

26. An immunomodulatory composition of daim 25, wherein the antigen is selected from the group 
consisting of peptides, glycoproteins, polysaccharides, and lipids. 
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27. An immunomodulatory composition of claim 25, wherein the antigen is conjugated to the 
immunomodulatory oligonucleotide. 

28. An immunonrxxiulatory composition comprising 

5 an Immunomodulatory oligonucleotide according to claim 1 ; 

and further comprising a facilitator selected from the group consisting of co-stimulatory 
nrdecules. cytokines, chemokines, targeting protein ligand. a trans-activating factor, a peptide, and 
a peptide comprising a nxxiified amino acxl. 

10 29. An immunomodulatory composition of claim 28, wherein the facilitator is conjugated to the 
immunomodulatory oligonucleotkie. 

30. An immunomodulatory composition compnsing 

an immunomodulatory oligonucleotide according to claim 1; 
15 and further comprising an antigen; 

and futher comprising an adjuvant. 

31 . An immunonxxiulatory compositkin of claim 30. wherein the antigen is selected from the group 
consisting of peptides, glycoproteins, polysaccharides, and lipkls. 

20 

32. An tmmunorrwdutatory composition of claim 30. wherein the antigen is conjugated to the 
immunomodulatory oligonucieotide. 

33. An immunorrxxiulatory composition of claim 30. wherein the immunonxxlulatory oltgonucteotkle 
25 and the antigen are encapsulated. 

34. An immunomodulatory composition of claim 33. wherein the immunonnodulatory oligonucleotide 
and the antigen are encapsulated as micropartKles. 

30 35. An immunomodulatory connposition of claim 25. wherein the immunomodulatory oligonucleotide 
and the antigen are proximately associated at a distance effective to enhance an immune response. 

36. An immunonxxlulatory composition of claim 25, wherem the immunomodulatory oligonucleotide 
and the antigen are proximately associated to co-deliver the oligonucleotide and the antigen to an 

35 Immune target 

37. An immunonxxlulatory composition of claim 36. wherein the immune target is a lymphatic 
stnx:ture. 
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38. An immunomodulatory composition of claim 36, wherein the immune target is a antigen 
presenting cell. 

39. An immunomodulatory composition of claim 38. wherein the antigen presenting cell is a 
5 dendntic cell. 

40. An immunorrodulatory composrtion of daim 38, wherein the antigen presentng cell is a 
macrophage cell. 

10 41 An immunomodulatory composition of daim 38. wherein the antigen presenting cell is a 
lymphocyte. 

42. An immunomodulatory composition of claim 36. wherein the immunonxxJulatory oligonudeotide 
and the antigen are assodated with an adjuvant. 

15 

43. An immunonrodulatory composrtion of claim 36. wherein the immunomodulatory oligonucleotide 
and the antigen are assodated in nmcropartictes. 

44 An immunomodulatory composition of claim 36, wherein the immunomodulatory oligonucleotide 
20 and the antigen are assodated in liposonr«s. 

45. A method of nrxxlulating an immune response comprising co-administration of an 
immunomodulatory composition comprising an antigen and an oligonucleotide according to daim 1 

25 46 The iT>ethod of daim 45. wherein the modulating of an immune response comprises induction of 
a Th1 response 

47. A method of modulating an immune response compnsing co administration of an 
immunomodulatory composition comprising an antigen conjugated to an oligonucleotide according 
30 to claim 1 . 

48 The method of daim 47, wherein the nrxxlulating of an immune response comprises induction of 
a Th1 response. 

35 49 A mettiod of modulating an immune response comprising the administration of an 
immunonxxJulatory composition according to claim 30 

50. The method of daim 49, wherein the nrxxlulating of an immune response comprises induction of 
aTh1 response. 

40 
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51 A method of modulating an immune response comprising ttie administration of an 
immunomodulatory composition according to claim 28. 

52. A nrrethod to screen for human immurwstimulatory activity of oligonucleotides comprising the 
5 steps of; 

(a) providing macrophage cells and an aliquot of an oligonucleotide to l>e tested; 

(b) incutjating the cells and oligonucleotide of step a) for an appropriate length of time: 

(c) determining the relative anrwunt of Th1-t)iased cytokines in the cell culture supernatant. 

10 53. A method to screen for hunnan immunostimlator/ activity of oligonucleotides according to claim 
41. wherein the cells are selected from the 90196B cell line and the P388D1 cell line. 

54. A method to screen for human immunostimlatory activity of oligonucleotides according to claim 
52. wherein at least one of the Th1 -biased cytokines determined is interferon-gamma. 

15 

55. A method to screen for human immunostimlatory activity of oligonucleotides according to claim 
52. wherein at least one of the Thi -biased cytokines determined is interieukin-12. 

56. A method of treating an individual in need of inrvnune nrtodulation comprising administration of a 
20 composition comprising an immunorrrodulator/ oligonucteotkJe of claim 1 

57. A method according to claim 56, wherein the indivklual is suffering from cancer. 

58 A method according to claim 56. wherein the individual is suffering from an allergic disease. 

25 

59. A method according to claim 58, wherein tt>e indivklual is suffering from asthma. 
60 A method according to claim 56. wherein the individual is suffering from an infectk)us disease. 
30 61. A nrtethod according to claim 60. wherein the indivklual is infected with hepatitis B virus. 

62. A method according to claim 60. wherein the indivklual is infected with a papilkjmavirus 

63. A nf>ethod according to claim 60. wherein the individual is infected with a human 
35 immunodefrciency virus. 

64. A method of preventing an infectkxjs disease in an indivklual comprising administration of an 
immunomodulatory compositkjn according to daim 25. 

40 65. A method according to claim 64. wherein the infectious disease is due to a viral infection 
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66. A method according to ciaim 65, wherein the virus fs selected from the group consisting of 
hepatibs B virus, influenza virus, herpes virus, human immunodeficiency virus and papillomavirus 

5 67, A method according to claim 64, wherein the infectious disease is due to a bacterial infection. 

68. A method according to claim 67. wherein the bacteria is selected from the group consisting of 
Hemophilus influenza. Mycot>acterium tuberculosis and Bordetella pertussis. 

10 69 A noethod according to ciaim 64, wherein the infectious disease is due to a parasitic infection. 

70. A method according to claim 75, wherein the parasitic agent is selected from a group consisting 
of malarial Plasmodia, Leishmania species, Trypanosoma species and Schistosoma species. 
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